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DES CRIPTION 

SURFACE-COATED CUTTING TOOL MADE OF HARD METAL AND 
MANUFACTURING METHOD FOR SAME 

5 

TECHNICAL FIELD 
The invention relates to a surface-coated cutting tool made of hard metal 
( hereafter referred to as a coated hard metal tool), which can show excellent wear 
resistance "by an amorphous carbon based lubricant coating in the case of cutting, 
1 0 &sp&cially in the case of high-speed cutting, of iron and steel materials including various 
types of steel and cast iron, or of non-ferrous materials such as Al- alloy, Cu-alloy or the 
like. 

The invention also relates to a coated hard metal tool having a surface-coating 
layer which can show excellent high-temperature hardness, excellent heat resistance, 

1 5 excellent high-temperature strength, and excellent lubricity. Because of such properties, 
the hard metal tool can show excellent wear resistance without causing chipping (micro 
breaking) of the surface-coating layer, specifically in a case of cutting of non-ferrous 
materials such as Al, Al alloys, Cu, Cu alloys, Ti and Ti alloy, or the like under 
high-speed condition being accompanied by generation of high-temperature, and under 

20 heavy cutting conditions such as high-angle slitting or high-speed feeding being 
accompanied by high mechanical impact. 

Priority is claimed on Japanese Patent Application No.2004-22535, filed January 
30, 20O4, Japanese Patent Application No.2004-146397, filed May 17, 2004, Japanese 
Patent Application No^004- 146398, filed May 17, 2004, and Japanese Patent 

25 Application No.2004-2 1 2896, filed July 21 ? 2004, the contents of which are incoiporat&ti 
herein by reference. 
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BACKGROUND ART 
There are well -known cutting tools such, as inserts, drills, miniature dills, and 
insert type end mills. An insert is attached to a tip of a cutting tool and is used tor 
5 turning, planing of iron and steel materials such as various types of steel and cast ion, or 
of nonferrous materials such as Al alloys or Cu alloys. A drill and a miniature drill are 
used for drilling, and solid type end mill are used for facing,, grooving, shoulder-working. 
Am insert type end mill is removably attached with the insert and is used for a cutting 
operation the same as the solid type end mill. 
1 0 As the above-described coated hard metal tool, there is a well-known coated 

hard metal tool comprising a hard metal substrate, an adhesion bonding layer, and an 
amorphous carbon based lubricant coating deposited on the substrate with the adhesion 
bonding layer in-between, respectively constituted as follows. 

(a) The hard metal substrate is composed of tungsten carbide (hereafter referred to 
15 as WC) based cemented carbide or titanium carbonitride (hereafter referred to as TiCM) 

based cermet. 

(b) The adhesion bonding layer is formed by a sputtering apparatus using a Ti target 
as a cathode (evaporation source) in a reaction atmosphere comprising a mixed gas 
atmosphere of nitrogen and Ar or mixed gas of resolved hydrocarbon gas* nitrogen and 

20 Ar. The adhesion bonding layer consists of one or both selected from a titanium nitride 
layer (hereafter referred to as TiN) and a titanium carbonitride (hereafter referred to as 
HCN) layer and has an average thickness of O.l to 3 urn. 

(c) The amorphous carbon based lubricant coating is deposited by a sputtering 
apparatus using a WC target as a cathode (evaporation source) in a reaction atmosphere 

25 of a mixed gas of resolved hydrocarbon gas and Ar. The lubricant coating contains, 
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based on an analysis vising an Auger electron spectrometer, 
W: 5 to 20 atomic ^6, and 

a balance consisting of carbon and unavoidable impurities* and Has an average 
thickness of 1 to 13 um. 
5 Moreover, it is known that the above-described conventional type coated hard 

metal tool can be formed in accordance with the following steps using a deposition 
apparatus which is exemplified by a schematic plan view of FIG. 5 A and schematic front 
view of FIG. SB, The above-described hard metal substrate is placed in a deposition 
apparatus comprising a sputtering device equipped with a Ti target as a cathode 

1 0 {evaporation source), and a sputtering device equipped with a WC target as a cathode 

(evaporation source). While heating an interior of the apparatus, for example, at 300 0 C, 
a reaction gas is introduced into the apparatus. The reaction gas may be a mixed gas of 
1 Pa, being composed of nitrogen and Ar mixed in a proportion of cg. ? nitrogen flow 
rate: 200sccm, and Ar flow rate: 300sccm. Alternatively, the reaction gas may be a 

1 5 mixed gas of 1 Pa, being composed of resolved C2H2 gas, nitrogen, and Ar. For 

example, C2H2, nitrogen and Ar may be introduced into the apparatus by a proportion of 
C2H2 flow rate: 40 seem, nitrogen flow rate: 200 seem, and Ar flow rate:300 seem. In 
the reaction atmosphere, the cathode (evaporation source) of Ti target is applied with an 
electric power of 1 2kW (frequency: 40kHz) for sputtering^ and the above-described hard 

20 metal substrate is applied with a bias voltage of e.g., - 1 OO V. As a result, an adhesion 
bonding layer having a predetermined thickness and comprising one or both selected 
from a TEN layer and TiCN layer is formed by a generation of a glow discharge. Next, 
while mamtaining the heating temperature of the interior of the apparatus at e.g., 200 0 C, 
hydrocarbons such as C2H2 and Ar in a proportion of C2H2 flow rate; 40 to 80 seem, Ar 

25 flow rate: 250 seem are introduced into the apparatus, thereby replacing the reaction 
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atmosphere composed, of the mixed gas of nitrogen and Ar, or the mixed gas of" degraded 
methane, nitrogen and Ar by a reaction atmosphere of e.g., IP a, being composed of a 
mixed gas of a resolved hydrocarbon gas and Ar. Then, the above-described hard metal 
substrate is applied with a bias voltage of e.g., -20V, and the WC target as a cathode 
5 (evaporation source) is applied with an electric power of output: 4 to 6kW (frequency: 
40kHz) for sputtering. Under these conditions;, an amorphous carbon based lubricant 
coating of a predetermined thickness is deposited on the above-described adhesion 
bonding layer (see Japanese Unexamined Patent Application, First Publication 
H07-164211, and Published Japanese translation No. 2002-513087 ofPCT International 
1 0 Publication). 

Specifically, as the above-described coated hard metal tool used for cutting of a 
workpiece of the above-described non-ferrous material, there is a known coated hard 
metal tool in which a coating comprising a hard lower layer and a lubricant upper layer is 
deposited on a hard metal substrate. The hard metal substrate is composed of tungsten 
1 5 carbide base (hereafter referred to as WC) cemented carbide or titanium 

carbonitride-based cermet (hereafter referred to as T1CN), and the coating has the 
following constitution ► 

(a) A hard layer as the lower layer is composed of a composite nitride of Ti and Al 
[ hereafter referred to as (Ti, Al)KT ] which has an average thickness of 1 .5 to 10 um and 

20 satisfies a compositional formula: (Tli-zAlzyN, where Z ranges from 0.40 to 0.6O by 
atomic ratio. 

(b) An amorphous carbon based lubricant layer as the upper layer is deposited by a 
sputtering apparatus using a WC target as a cathode (evaporation source) in a reaction 
atmosphere of a mixed gas of resolved hydrocarbon gas and Ar. The amorphous carbon 

25 based lubricant layer contains, based on an analysis using an Auger electron 
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spectrometer, 

W: 5 to 20 by atomic 

and a balance consisting of carbon and unavoidable impurities, and average 
thickness of 1 to IO urn. 
5 It is known that the (Ti„ AON layer as the hard layer of" the surface coating of the 

coated hard metal tool is given a high-temperature hardness, and heat resistance by the Al 
component, and high-temperature strength by the Ti component. By the multiplier 
effect of the hard layer and the coexisting lubricant upper layer of amorphous carbon, the 
coated cutting tool exhibits excellent cutting performance in an operation of continuous 
1 0 cutting or of interupted cutting of a workpiece such as the above-described non-ferrous 
material or the like. 

In addition, it is known that the above-described coated, hard metal tool may be 
produced using a deposition apparatus exemplified by a schematic explanatory view of 
FiO . <5 (see Published Japanese translation JSfo. 2002-51 3087 of PCX International 

15 Publication). The deposition apparatus comprises an arc discharge device equipped 

with Ti-Al alloy of a predetermined composition as a cathode (evaporation source), and a 
sputtering device equipped with a WC target as a cathode (evaporation source). After 
placing the above-described hard metal substrate in the apparatus, the hard lower layer 
and the lubricant upper layer may be deposited as follows. 

20 (a) Firstly, as the above-described lower layer, a hard layer composed of the 

above-described (Ti., A1)N layer is deposited on the hard metal substrate under conditions 
comprising: heating the interior of the apparatus at 500 0 C by a heater; in that state, by a 
condition of e.g., electric current: 90A, generating arc discharge between an anode and 
the Ti-Al alloy as the cathode (evaporation source); simultaneously, as a reaction gas, 

25 introducing nitrogen gas into the apparatus to obtain a reaction atmosphere of e.g., 2Pa; 
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and applying a bias voltage of e.g., -lOOV to the above-described bard metal substrate. 
<Tb) Next, as an upper layer, an amorphous carbon based lubricant layer is deposited 

on trie bard layer composed of the above-described CTi, Al)r>T layer under the conditions 
comprising: heating the interior of the apparatus at e.g.* 200°C; introducing a mixed gas 
5 of hydrocarbon such as C2H2 or the like and Ar by a proportion of C2H2 flow rate: 40 to 
SO seem, and Ax flow rate; 25 O seem; thereby obtaining a reaction atmosphere having a 
pressure of e,g., lPa and being composed of a mixed gas of resolved hydrocarbon gas 
and Ar; applying a bias voltage of e.g., -20V" to the above -described hard metal substrate; 
and applying an electric power of output; 4 to 6 kW (frequency: 40Hz) for sputtering to 
IO the cathode (evaporation source of the WC target). 

DISCLOSURE OF INVENTION 
Problems to be solved by the invention 

Recent enhancement of the performance of a cutting apparatus is remarkable. 

1 5 On the other hand, there is a strong demand for power saving, energy saving,, and cost 
reduction in the cutting operation. Along with such trends, there is a tendency of 
accelerating cutting speed- The above- described coated hard metal tools cause no 
problem when they are used under normal cutting conditions. However, in the present 
circumstances, when cutting is specifically performed at high-speed, in relatively short 

20 time periods, the tools reach ends of working lives because of remarkably fast wearing of 
the amorphous carbon based lubricant coating. Specifically* when a cutting of a 
workpiece of the above-described non-ferrous material or the like is performed at high 
speed and under heavy cutting conditions such as high-angle slitting or high-speed 
feeding accompanied by high mechanical impact, the hard layer as the lower layer of the 

25 surface coating cannot show sufficient hi g^h- temperature strength, heat resistance, and 
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high-temperature strength, and the amorphous carbon based lubricant layer cannot show 
sufficient high-temperature strength. Therefore, chipping easily occurs, and progress of 
wearing is further accelerated, and therefore the coated hard metal tools reach the ends of 
their working lifetimes in a relatively short time period of time. 
5 Device for solving the problems. 

Based on the above -described point of view, the inventors performed a research 
in order to develop a coated hard metal tool having an amorphous carbon based lubricant 
coating showing excellent wear resistance specifically in high-speed cutting, and 
obtained the results summarized in the following (a) to (c). 

1 0 (a) In a deposition apparatus indicated by a schematic plan view and a schematic 

front view of FIGS- 2A, and 2B, respective sputtering devices of the deposition apparatus 
shown in FIGS. 5A and 5B for forming a conventional amorphous carbon based lubricant 
coating are modified to magnetron sputtering devices by equipment of magnetic coils. 
Using such an apparatus, an amorphous carbon based lubricant coating may be formed 

15 under the following conditions, A magnetic field is formed by the magnetic coils to 
control a magnetic flint density at the placing position of the hard metal substrate to be 
lOO to 300 G (Gauss). The interior of the apparatus is heated at a temperature of 300 to 
500°C ■ Hydrocarbons such as C^H 27 nitrogen and Ar are introduced into the apparatus 
preferably in a proportion of C 2 H 2 flow rate: 25 to lOO seem, nitrogen flow rate: 200 to 

20 300 seem, and Ar flow rate: 150 to 250 seem; thereby obtaining a reaction atmosphere of 
a mixed gas of 1 Pa, being composed of resolved C 2 H 2 gas, nitrogen and Ar. In the 
above-described two magnetron sputtering devices, a WC target as a cathode 
(evaporation source) is applied with electric power of e.g., output; 1 to 3kW (frequency: 
40kHz) for sputtering. At the same time, a Ti target is applied with electric power of 

25 e.g., output: 3 to 8kW (frequency: 40kHz) for sputtering. When an amorphous carbon 
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based lubricant coating is formed under the above- described conditions, the coating has a 
texture in which fine grains of crystalline titanium carbonitride based compounds 
[hereafter referred to as "fine grains of crystalline Ti(C,NT) based compounds * ' j are 
dispersively distributed in a matrix of a carbon based amorphous material. The texture 
5 is exemplified by FIG. 1 A, which schematically shows a result of observation of the 
texture using a transmission electron microscope. 

(b) In the formation of the amorphous carbon based lubricant coating described 

above in (a), by controlling flow rates of hydrocarbon, nitrogen, and Ar as a reaction gas 
introduced into the deposition apparatus, and by controlling electric power for sputtering 

1 0 applied to the WC target and the Ti target of the magnetron sputtering devices, the 

amorphous carbon based lubricant coating may contain, based on an analysis using an 
Auger electron spectrometer, 
W; 5 to 40 atomic %, 
Tii 0,5 to 30 atomic 3^, 

15 nitrogen: 0-5 to 20 atomic ^ and 

a balance consisting of carbon and unavoidable impurities. As a result of the 
above-described formation, the amorphous carbon based lubricant coating has a 
remarkably enhanced hardness by the effect of the dispersive distribution of the 
crystalline Ti(C,N) based fine grains, and by the effect of the grain size reduction by the 

20 magnetic field applied deposition using the magnetic coils* Therefore, by the multiplier 
effect of the crystalline Ti<C 3 >J> based fine grains and additional effect of W component 
on the enhancement of strength, a coated hard metal tool coated with the above-described 
amorphous carbon based lubricant coating generates no chipping (micro breaking) in the 
cutting edge and shows further enhanced wear resistance for a long period of time even 

25 when the tool is applied to high-speed cutting. 



The present invention is based on the above-described results 4 and Has 
characteristics on a coated hard metal tool having an amorphous carbon based lubricant 
coating which shows excellent wear resistance especially in the case of high-speed 
cutting. The hard metal tool comprises a hard metal substrate, an adhesion bonding 
layer, and an amorphous carbon based lubricant coating deposited on the hard metal 
lower layer with the adhesion bonding layer in-between, each of which having the 
following constituents. 

<a) The hard metal substrate is composed of WC based cemented carbide or 

TiON-based cermet. 

(b) The adhesion bonding layer has an average thickness of 0. 1 to 3 urn, consists of 

one or both selected from a TiN layer and TiCN layer, and is deposited by a magnetron 
sputtering apparatus using a Ti target as a cathode <e vaporati on source)- The deposition 
of the adhesion bonding layer is carried out in a magnetic field and in a reaction 
atmosphere composed of a mixed gas of nitrogen and Ar or a mixed gas of resolved 
hydrocarbon gas „ nitrogen and Ax. 

Co) The amorphous carbon based lubricant coating is deposited in a magnetic field 

by the magnetron sputtering apparatus using a WC target and a Ti target as cathodes 
Cevaporation sources) and a reaction atmosphere composed of a mixed gas of resolved 
hydrocarbon gas, nitrogen and Ar. The amorphous carbon based lubricant coating 
contains, based on analysis by Auger electron spectrometer, 

W: 5 to 40 atomic 

Ti: O.S to 30 atomic ^o, 

nitrogen: 0.5 to 30 atomic % 9 and 

a balance consisting of carbon and unavoidable impurities. Under an 
observation using a transmission electron microscope, the coating shows a texture in 
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which fine grains of crystalline Ti(C, N) based compounds are dispersrvely distributed in 
a matrix of carbon based amorphous material. 

Tne above-described limitations on the adhesion bonding layer and the 
amorphous carbon based lubricant coating as constituents of a coated hard metal tool of 
5 the invention are determined based on the following reasons. 

(a) Average thickness of the adhesion bonding layer 

The adhesion bonding layer comprising one or both selected from a UN layer 
and TiOST layer exists between the hard metal substrate and the amorphous carbon based 
lubricant coating, both of which are tightly bonded to the adhesion bonding layer. 

1 0 Bonding of the adhesion bonding layer with the bard metal substrate is further improved 
by the deposition of the layer in the magnetic field- However, when the adhesion 
bonding layer has an average thickness of less than 0. 1 urn, a desirable bonding strength 
cannot be ensured. On the other hand, with an average thickness exceeding 3 um, 
thermal plastic deformation of the adhesion bonding layer is easily caused during 

1 5 high-speed cutting, thereby causing chipping to occur in the amorphous carbon based 

lubricant coating. Therefore, the average thickness of the adhesion bonding layer was 
determined to be 0. 1 to 3 u-m- 

(b) W content in the amorphous carbon based lubricant coating 

W component is included in the matrix of the amorphous carbon based lubricant 
20 coating and enhances the strength of the coating- However, a W content of less than 5 
atomic %> is insufficient to ensure a desirable high strength, whereas a W content 
exceeding 40 atomic °A* causes an abrupt reduction of lubricity. Therefore, the W 
content was determined to be 5 to 40 atomic °/t>. 
(c) Ti and N content in the amorphous carbon based lubricant coating 
25 Ti component, N component and C (carbon) component are bonded with each 
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other during the deposition in a magnetic field and occur as fine grains of crystalline 
Ti(C»N) based compounds, thereby remarkably enhancing the hardness of the coating. 
However, when the Ti content is less than Ch5 atomic Q A>? and >T content is less than 0.5 
atomic ^o, the proportion of the fine grains of Ti(C,N) based compounds occurring in the 
5 coating is too low to ensure a desirable high hardness- On the other hand, a Ti content 
exceeding 30 atomic % 3 and N content exceeding 30 atomic a /o cause abrupt reduction of 
strength and lubricity. Therefore, the contents of respective components were 
determined to be Ti: O.S to 30 atomic */x>, and 1ST: 0.5 to 30 atomic °A>. 
(d) Average thickness of the amorphous carbon based lubricant coating 
lO When the average thickness of the coating is less than 1 urn, desirable lubricity 

and wear resistance effect cannot be ensured. On the other hand, with an average 
thickness of the coating exceeding 13 urn, the cutting edge tends to be chipped. 
Therefore, the average thickness of the lubricant coating was determined to be 1 to 1 3 
urn. 

15 In addition, the inventors performed a continuous research in order to develop a 

coated hard metal tool having an amorphous carbon based lubricant coating showing 
excellent wear resistance specifically in high-speed cutting, and obtained the results 
described in the following (a) to (c). 

(a) A deposition apparatus indicated by a schematic plan view and a schematic front 

20 view of FIGS- 3A, and 3B ? is modified from a conventional deposition apparatus for 

forming an amorphous carbon based lubricant coating shown in FIGS. 5A and SES. In 
the modification of the apparatus, respective sputtering devices are modified to 
magnetron sputtering devices by equipment of magnet coils. In addition, the Ti target 
as one of the cathodes (evaporation source) is replaced by a Ti-Al alloy target having a 
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predetermined composition. Using such a deposition apparatus., an adhesion bonding 
layer may be formed under the following conditions. A magnetic field is formed by the 
magnetic coils to control a magnetic flux density at the placing position of the hard metal 
substrate to be lOO to 3O0 O (Gauss)- The interior of the apparatus is held at a heating 
5 temperature of 300 to 500 0 C. -A. reaction atmosphere of 1 Pa, being composed of a 
mixed gas of nitrogen and Ar is obtained by introducing the nitrogen and Ar into the 
apparatus in a proportion of e.g.;, nitrogen flow rate: 200 seem, and Ar flow rate: 300 
seem. A glow discharge is generated by applying the above-described Ti-Al alloy target 
as a cathode (evaporation source) with an electric power of e.g., output: HkW 

1 0 (frequency: 40kHz) for sputtering, and applying the hard metal substrate with a bias 

voltage of e.g,, -lOOV. As a result* Ti and Al composite nitride (hereafter referred to as 
(Ti, A1)N) layer, which satisfies a compositional formula: (Tii_xAlx)N (where X ranges 
from 0.40 to 0.60 by atomic ratio) is formed on the surface of the hard metal substrate. 
The resultant (Ti, Al)lSr layer is tightly bonded to the surface of the hard metal substrate. 

15 The bonding strength of the layer with the hard metal substrate is further improved by the 
deposition in the magnetic field. In addition, by the content of Al, high-temperature 
hardness and high-temperature resistance are enhanced. By the multiplier effect of the 
above-described effects of the Al component and the effect of Ti on the enhancement of 
high-temperature strength, the hard metal tool is not chipped, and shows excellent wear 

20 resistance even in the case of high-speed cutting accompanied by high heat generation. 

(b) Next, an amorphous carbon based lubricant coating is formed under the following 
conditions. Hydrocarbon such as C 2 H 2> nitrogen, and Ar are introduced into the 
apparatus as a reaction gas., preferably in a proportion of C2H2 flow rate: 25 to lOO seem; 
nitrogen flow rate: 200 to 300 seem; and Ar flow rate: 200 seem. As a result, a reaction 

25 atmosphere is controlled to be e.g., a mixed gas of 1 Pa, being composed of a resolved 
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C 2 H 2 gas, nitrogen and Ar. The above-described WC target as a cathode (evaporation 
source) of the pair of magnetron sputtering devices is applied with electric power for 
sputtering of e.g.,, output: 1 to 3kW (frequency: 40kHz), and simultaneously,, the 
above-described Ti-Al alloy target as a cathode (evaporation source) is applied with 
5 electric power for sputtering of e.g., output: 3 to 8kW (frequency: 40kHz). As a result, 
the amorphous carbon based lubricant coating is tightly bonded to the above-described 
(Ti, Al)>T layer. In addition, as shown in FIG. IB schematically showing a result of an 
observation using a transmission electron microscope, the coating has a texture in which 
fine grains of crystalline Ti-Al composite carbonitride [hereafter referred to as ''fine 
1 0 Ti-Al (C,N) crystal grains"! are dispersively distributed in a matrix of carbon based 
amorphous material. 

(c) In the formation of the amorphous carbon based lubricant coating described 

above in (b), by controlling flow rates of hydrocarbon, nitrogen, and Ar as a reaction gas 
introduced into the deposition apparatus, by controlling electric power for sputtering 

15 applied to the WC target and the Ti-Al alloy target of the magnetron sputtering devices, 
and by controlling the composition of the above-described Ti-Al alloy target, the 
amorphous carbon based lubricant coating may have a composition, based on an analysis 
using an Auger electron spectrometer, containing? 
W: 5 to 20 atomic *>A>, 

20 Ti: 2.5 to 10 atomic 

Alt 1 .6 to 15 atomic S'b, 

nitrogen: 0.4 to 22.5 atomic °A>, and 

a balance consisting of carbon and unavoidable impurities. As a result of the 
above-described formation, the amorphous carbon based lubricant coating has a 
25 remarkably enhanced hardness by the effect of the dispersive distribution of the fine 
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Ti-AJ (C JST> crystal grains, and by the effect of the grain size reduction by the magnetic 
field applied deposition using the magnetic coils. Therefore, by the multiplier effect of 
the Ti-Al (C,N) crystal grains and the effect of the W component on enhancement of 
strength, a. coated hard metal tool which is coated with the above-described amorphous 
5 carbon based lubricant coating is not chipped (micro-breaked) in the cutting edge and 
shows further excellent wear resistance for a long period of time even when the tool is 
applied to high-speed cutting. 

The present invention is based on the above-described results, and has 
characteristics of a coated hard metal tool having an amorphous carbon based lubricant 

lO coating which shows excellent wear resistance especially in the case of high-speed 

cutting. The hard metal tool comprises a hard metal substrate, an adhesion bonding 
layer, and an amorphous carbon based lubricant coating which is deposited on the hard 
metal substrate the adhesion bonding layer in-between, each of which having the 
following constituents. 

1 5 (a) The hard metal substrate is composed of a WC based cemented carbide or 

TlCN-based cermet. 

(b) The adhesion bonding layer has an average thickness of O.l to 3 urn, comprises 
a CTi^Al)!^ layer which satisfies a compositional formula: (1ii,xAJx)iN (where X ranges 
from 0.40 to 0.60 by atomic ratio)., and is deposited by a magnetron sputtering device 

20 using a Ti target as a cathode (evaporation source). The deposition of the adhesion 

bonding layer is carried out in a magnetic field and in a reaction atmosphere composed of 
a mixed gas of nitrogen and An 

(c) The amorphous carbon based lubricant coating is deposited in a magnetic field 
by the magnetron sputtering apparatus using a WC target and a Ti~Al alloy target as 

25 cathodes (evaporation sources) and a reaction atmosphere composed of a mixed gas of 
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resolved hydrocarbon gas, nitrogen and Ar. The amorphous carbon based lubricant 
coating has an average thickness of" 1 to 1 3 urn and a composition, based on an analysis 
using an Auger electron spectrometer, containing 

W; 5 to 20 atomic */Z>, 
5 Ti; 2,5 to 10 atomic 

Al: 1.6 to 16 atomic 

nitrogen: 0.4 to 22.5 atomic °A> 9 and 

a balance consisting of carbon and unavoidable impurities. Under an 
observation using a transmission electron microscope, the lubricant coating shows a 
IO texture in which fine Ti-Al (C, N> crystal grains are dispersive ly distributed in a matrix of 
carbon based amorphous material. 

The above-described limitations on the adhesion bonding layer and the 
amorphous carbon based lubricant coating are determined based on the following 
reasons: 

15 (a) Composition and average thickness of* the adhesion bonding layer 

As described above, the adhesion bonding layer comprising a (Ti, Al)r*J layer is 
provided with an excellent high-temperature strength by the Ti component, and excellent 
high temperature hardness and heat resistance by the Al component. When the X value 
showing the proportion (atomic ratio> of Al content over the total content of Al and Ti is 

20 less than 0.4O, it is impossible to obtain an effect for improving wear resistance in the 

case of high-speed cutting accompanied by high heat generation. On the other hand, an 
X value exceeding 0.6 results in an abrupt reduction of high temperature strength and 
causes chipping to occur. Therefore, the X value was determined to be 0.40 to 0.60. 

In addition, the above-described (Ti, A1)N layer exists in an interstice between 

25 the hard metal substrate and the amorphous carbon based lubricant coating, both of 
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which are tightly bonded to the adhesion bonding layer. Bonding with the hard metal 
substrate is further improved by the deposition in the magnetic field- However, when 
the adhesion bonding layer has an average thickness of less than 0.1 urn, a desirable 
excellent bonding strength cannot be ensured- On the other hand, an average thickness 
5 exceeding 3 urn causes chipping to occur especially during high-speed cutting. 

Therefore* the average thickness of the adhesion bonding layer was determined to be 0. 1 
to 3 urn. 

<Tt>) W content in the amorphous carbon based lubricant coating 

W component is included in the matrix of the amorphous carbon based lubricant 

10 coating and enhances the strength of the coating. However, a W content of less than 5 
atomic % is insufficient to confirm a desirable high strength, whereas a W content 
exceeding 20 atomic % causes an abrupt reduction of lubricity. Therefore, the W 
content was determined to be 5 to 20 atomic ^o. 
(c) Ti„ Al and nitrogen content in the amorphous carbon based lubricant coating 

1 5 Ti component, AS component,, nitrogen 0>T) component and C (carbon) 

component are bonded with each other during the deposition in a magnetic field and are 
present as fine Ti-AlCC,3Sr) crystal grains in the coating. The fine Ti-Al CC,N) crystal 
grains are provided with excellent high temperature strength by the H and N component, 
and excellent high temperature hardness and heat resistance by the Al and C component, 

20 Therefore* by dispersive distribution of such grains, wear resistance of the coating is 
remarkably enhanced- However, if the content of the Ti component is less than 2,5 
atomic °/b* Al component is less than 1 .6 atomic °/o> and N component is less than 0.4 
atomic a /b* the proportion of the fine Ti-Al crystal grains present in the coating is 

too low to confirm a desirable wear resistance. On the other hand, a Ti content 

25 exceeding 10 atomic fa, Al content exceeding 15 atomic *Vo and N content exceeding 22,5 
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atomic a /i> cause a reduction of high-temperature strength, or abrupt reduction of high 
temperature hardness and heat resistance. Therefore* respective contents are determined 
to be Ti: 2.5 to 1 0 atomic 9^, Al: 1 .6 to 15 atomic °/t>, and N: 0.4 to 22.5 atomic <M>. 
(d) Average thickness of the amorphous carbon based lubricant coating 

When the average thickness of the coating is less than 1 um, desirable lubricity 
and wear resistance effect cannot be ensured. On the other hand, if an average thickness 
of the coating exceeds 1 3 urn* the cutting edge tends to be chipped. Therefore, the 
average thickness of the coating is determined to be 1 to 1 3 um. 

Moreover, based on a consideration of the conventional coated hard metal tool* 
the inventors performed a research in order to develop a coated hard metal tool having a 
surface coating layer which is not chipped and shows excellent wear resistance 
specifically in the above-described high-speed heavy cutting of a workpiece such as the 
above-described non-ferrous material. The results obtained by the research are 
summarized in the following <a) to (e>. 

(a) In the above-described conventional hard metal tool, a (Ti r AT)TM base (hard) 

layer as a surface hard layer which has been formed by the arc discharge device of the 
deposition apparatus of FIG 6 has a substantially homogeneous composition throughout 
the whole thickness of the layer, thereby having homogeneous high temperature hardness, 
heat resistance, and high temperature strength. 

in the arc ion plating apparatus exemplified by a schematic plan view of FIG. 3 A 
and a schematic front view of FIG. 3B, a rotation table tor placing a hard metal substrate 
is provided in the center of the apparatus. On both sides of the above-described rotation 
table, Al-Ti alloy having a relatively high Al content 0ow Ti eontent)is placed on one 
side, and Ti-Al alloy having a relatively high Ti content (low Al content) is placed on 
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the opposite side as cathodes (evaporation sources). In addition, metallic Cr is placed as 
a cathode (evaporation source) in a position rotated from both of the above- described 
cathodes by 90°. On the rotation table, on radial positions distant from the central axis 
of" the table,, a plurality of hard metal substrates are placed forming a ring- like 
5 arrangement. In that state,, the rotation table is rotated, and the hard metal substrates 
themselves are revolved in order to homogenize the thickness of" lower layers to be 
deposited. While maintaining the atmosphere inside of the apparatus as a nitrogen 
atmosphere, arc discharge is generated between the cathodes (evaporation sources) and 
anodes placed on both sides, shown as left and right sides in the figure, and a layer 

1 0 composite nitride of" Al and Ti (hereafter referred to as (AI/Ti)N) is formed on the 

surfaces of the hard metal substrates- As a result, in the <A!/Ti)>J layer, a portion of 
maximum Al content is formed in the layer when the hard metal substrate in ring-like 
arrangement on the rotation table is moved to the a position closest to the cathode 
(evaporation source) of AI-Ti alloy being placed on one side and having a relatively high 

15 Al (low Ti ) content. In addition, a portion of maximum Ti content is formed in the 

layer when the hard metal substrate is moved to a position closest to the cathode of Ti-AJ 
alloy having relatively high Ti (low Al) content on the other side. As a result, by the 
rotation of the rotation table, along the direction of thickness of the layer, xnaximum-Al 
portions and maximmn-Ti portions appear alternately and repeatedly with a 

20 predetermined interval. In addition, the (Al/Ti)lSr layer has a variable composition 

structure in which the contents of Al and Ti respectively change continuously from the 
portion of maximum Al content to the portion of maximum Ti content, and from the 
portion of maximum Ti content to the portion of maximum Al content. 

(b) In the formation of the (Al/Ti>N layer having variable composition structure as 

25 described in (a)> the Al-Ti alloy as one of the opposed arrangements of the cathodes 
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(evaporation sources) may have a relatively high AI content compared with the 
above-described conventional Ti-Al alloy, and. the Ti-Al alloy as the cathode (evaporation 
source) on the other side may have a relatively high Ti content compared with the 
above-described conventional Ti-Al alloy, By using such cathodes, and by controlling 
5 the rotation speed of the rotation table on which the hard metal substrates are placed, the 
(Al/Ti>N layer may include: 

maximum- Al portions having a maximum Al content which satisfies a 
compositional formula: ( Al i _xTi x )TSF, where X ranges from 0.05 to 035 by atomic ratio; 
maximum-Ti portions having a maximum H content which satisfies a 

lO compositional formula: (Hi.yA1y)N, where Y ranges from 0.05 to 0.35 by atomic ratio, 
and an interval in the direction of thickness between the adjacent maximum- Al portion 
and maximum-Ti portion may be controlled to be O.Ol to O.l fim. 

Since the above-described portion of maximum Al content has a relatively 
higher Al content than that of the conventional (Ti, Al)lsT layer, the portion shows further 

15 excellent high-temperature hardness and heat resistance (high temperature properties). 

On the other hand, since the above-described maximum-Ti portion has a relatively higher 
Ti content than that of the conventional (Ti, A1)TM layer, the portion is provided with 
further enhanced high-temperature strength. In addition, since the interval between the 
max imum-Al portion and the maximum-Ti portion is controlled to have an extremely 

20 small value, it is possible to provide the whole layer with an excellent high temperature 

hardness and heat resistance while mamtaining excellent high temperature strength of the 
whole layer. 

(c) Next, an amorphous carbon based lubricant layer (upper layer) is deposited 

using a deposition apparatus exemplified by a schematic plan view in FIO, 2A, and a 
25 schematic front view in FIG. 2B, The apparatus is provided with a magnetron 



sputtering device having a cathode (evaporation source) of Tl target and a magnetron 
splattering device having a cathode (evaporation source) ofWC target in arx opposed 
arrangement. A hard metal substrate provided with the above-described lower layer is 
placed on a rotation table on the apparatus. The rotation table is rotated, and the hard 
5 metal substrate itself is revolved in order to homogenize the thickness of the upper layer 
(amorphous carbon based lubricant layer) to be deposited. A magnetic field is formed 
by the magnetic coils, and a magnetic flux density at the placing position of the hard 
metal substrate is controlled to be lOO to 300 O (Gauss). The inside of the apparatus is 
heated at a temperature of 3O0 to SOO°C- As a reaction gas, a hydrocarbon such as C 2 H 2 , 

1 0 nitrogen and Ar are introduced into the apparatus, preferably in a proportion of C2H2 

flow rate: 25 to lOO seem; nitrogen flow rate: 200 to 300 seem; and Ar flow rate: ISO to 
25 O seem for controlling a reaction atmosphere to be e.g., a mixed gas of 1 Pa, being 
composed of a resolved C2H2 gas, nitrogen and Ar. In the above-described two 
magnetron sputtering devices, the cathode (evaporation source) of the WC target is 

15 applied with electric power for sputtering of e.g., output: 1 to 3kW (frequency: 40kHz), 

and simultaneously, the Tl alloy target is applied with electric power for sputtering of e.g., 
output: 3 to 8IcW (frequency: 401cHz). As a result, the amorphous carbon based 
lubricant layer (upper layer) may be formed. In the lubricant layer, as shown in FIG: 1 A 
schematically showing a result of an observation using a transmission electron 

20 microscope,, the layer has a texture in which fine grains of crystalline Ti carbonitride 

compound piereafter referred to as ""fine grains of crystalline Ti (C^N) compound"] are 
dispersively distributed in a matrix of carbon based amorphous material. 

(d) In the formation of the amorphous carbon based lubricant layer described above 
in (c), by controlling the flow rates of hydrocarbon, nitrogen, and Ar as a reaction gas 

25 introduced into the deposition apparatus* and by controlling electric power for sputtering 
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applied to the WC target and the Ti target of" the magnetron sputtering devices, the 
amorphous carbon based lubricant layer may have a composition, based on an analysis 
by an Anger electron spectrometer, comprising: 
W: 5 to 40 atomic ^ 
5 Ti: 0.5 to 30 atomic a A> 9 

nitrogen: C5 to 30 atomic °A>, and 

a balance consisting of carbon and unavoidable impurities- As a result of the 
above-described formation, the amorphous carbon based lubricant layer has a remarkably 
enhanced high temperature strength by the effect of" the W content included in the matrix, 

1 0 and by the effect of" the dispersive distribution of the fine grains of crystalline Ti <C,N>, 
and by the effect of the grain size reduction at the time of applying magnetic field in 
deposition using the magnetic coils. 

(c) In a coated hard metal tool deposited with a surface coating layer comprising the 
above-described (Al/Ti)TSr layer having a variable composition structure as a lower layer 

1 5 and the amorphous carbon based lubricant layer as the upper layer, the base (Al/Ti)N 

layer has an excellent hi gh-temperature hardness, excellent heat resistance and excellent 
high temperature strength^ and the amorphous carbon based lubricant layer is also 
provided with excellent high temperature strength. Therefore, even in the case of high 
speed and heavy cutting of the above -described non-ferrous material or the like, which is 

20 accompanied by especially high heat generation and high mechanical impact, the surface 
coating is not chipped and shows excellent wear resistance for a long period of time. 

The present invention is based on the above-described results, and has a 
characteristic of a coated hard metal tool deposited with a surface coating layer of the 
following constitution (a) and (b), which shows excellent chipping resistance especially 

25 in the case of high speed heavy cutting. 
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(a> A hard layer composed of an (Al/Ti)N layer as a lower layer lias an average 

thickness of 1 .5 to 10 j-tnru and a variable composition structure. In the direction of 
thickness, the variable composition structure shows a component concentration 
distribution in which a maximum- Al portion and a maximum-Ti portion exist repeatedly 
5 and alternately with a predetermined interval, and the contents of Al and Ti change 

continuously from the maximum-Al portion to the maximum-Ti portion, and from the 
maximum-Ti portion to the maximum-Al portion. In addition, each of the maximum-Al 
portions satisfies a compositional formula: <A1 1 -xTixJN where ranges from 0.05 to 0.35 
by atomic ratio; and each of the maximum-Ti portions satisfies a compositional formula: 
lO ( r ni. Y Al Y )N where Y ranges from 0.05 to 0.35 by atomic ratio. An interval along the 
direction of thickness between the adjacent maximum-Al portion and the maximum-Ti 
portion is O.0 1 toO.l urn 

(b) As an upper layer, an amorphous carbon based lubricant layer having an average 

thickness of 1 to 1 0 um is deposited in a magnetic field, using a magnetron sputtering 
1 5 device, and a WC target and a Ti target as cathodes {evaporation sources),, in a reaction 
atmosphere composed of a mixed gas of resolved hydrocarbon gas and Ar. Based on 
measurement by Auger spectroscopy, the layer contains 
W: 5 to 40 atomic 
Ti: 0.5 to 30 atomic % ? 
20 nitrogen: 0-5 to 30 atomic and 

a balance consisting of carbon and unavoidable impurities. Under an 
observation using a transmission electron microscope, the layer shows a texture in which 
fine grains of crystalline Ti(C, Tsf> based compounds are dispersively distributed in a 
matrix of a carbon based amorphous material. 
25 The following are reasons for setting the above-described numerical limitations 
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on the constituent layers of the surface coating layer of a coated hard metal tool of the 
invention. 

(A) Lower layer [(Al,Ti)N layer] 

(a) Composition of portion of maximum AI content 
5 In the (Al, Xi)TsT layer as the lower layer, the Al component has an effect of 

enhancing high temperature hardness and heat resistance, and the H component has an 
effect of enhancing high temperature strength- Therefore, the maximum- Al portion 
having a maximum Al content containing a relatively high proportion of Al is provided 
with an excellent high temperature hardness and heat resistance, thereby showing 

1 0 excellent wear resistance under high-speed cutting conditions accompanied by high heat 
generation. If the Ti content shown by the value as a proportion (atomic ratio) of Ti 
in the total content of Al and Ti is less than 0.05, because of a relatively too high 
proportion of Al, even in the presence of adjacent maximum-Ti portions showing 
excellent high temperature strength, it is impossible to avoid a reduction of strength of 

15 the whole layer, and chipping or the like easily occurs under high-speed heavy cutting 
conditions. On the other hand, if the !X value showing the proportion of Ti component 
exceeds 0.35, because of a relatively too small proportion of Al, it is impossible to ensure 
the excellent high temperature hardness and heat resistance. Therefore, the value is 
determined to be 0.05 to 0.35. 

20 (b) Composition of the portion of maximum TS content 

As described above, the maximum-Al portion has an excellent high temperature 
hardness and excellent heat resistance, but is inferior in high temperature strength. In 
order to compensate for the insufficient high temperature strength of the maximum-Al 
portion, along the direction of thickness, the portions are alternately inserted with the 

25 maximum-Ti portion having relatively high Ti content thereby being provided with 
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excellent high temperature strength. If the Al content shown by the V value as a 
proportion (atomic ratio) of Al in the total content of Al and Ti exceeds 0.35, because of a 
relatively too high proportion of Al, desirable high temperature strength cannot be 
ensured On the other hand, if the Y value is less than 0.05, because of a relatively too 
5 high proportion of Ti, the maximum-H portion cannot be provided with desirable high 
temperature hardness and heat resistance, thereby causing acceleration of progressive 
wear- Therefore, the Y value is determined to be 0.05 to 035. 

(c) Interval between the portion of maximum Al content and the portion of maximum Ti 
coiitent. 

lO If the interval is less than O.Ol nm, it is impossible to clearly form the respective 

portions having the above-described composition, and therefore, it is impossible to 
ensure the desirably excellent high temperature strength, excellent high temperature 
hardness and heat resistance in the layer. If the interval exceeds (XI una, defective 
properties, i.e., insufficient high temperature strength of the maximum- Al portion, and 

15 insufficient high temperature hardness and heat resistance of the maximum-Ti portion 
exist locally in the layer, thereby causing tendency for chipping to occur in the cutting 
edge and accelerating progress of wear. Therefore* the interval was determined to be 
0.01 to O.lum. 

(d) Average thickness 

20 When the average thickness of the lower layer is less than 1 .5 um, it is 

impossible to ensure the desirable wear resistance for a long period of time. On the 
other hand, when the average thickness exceeds 10 um, chipping easily occurs, 
therefore, the average thickness was determined! to be 1.5 to 1 0 fim. 
(B) Upper layer (amorphous carbon based lubricant layer) 

25 (a) W content 
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W component is included in the matrix of the above-described amorphous 
carbon based lubricant layer to improve the high temperature strength of" the layer. 
However, a content of less than 5 atomic °/o is insufficient to ensure a desirable high 
strength, whereas a W content exceeding 4Q atomic °A> causes an abrupt reduction of 
5 lubricity. Therefore, the W content was determined to be 5 to 40 atomic 
0>> Ti and N content 

Ti component, N component and C (carbon) component are bonded with each 
other during the deposition in a magnetic field and occur as fine grains of crystalline Ti 
(C,N) based compounds in the coating, remarkably enhancing the high temperature 
lO strength of the layer without reducing the excellent lubricity of the layer. However, if 
the Ti content is less than 0.5 atomic °/o 9 and N component is less than 0.5 atomic a 
proportion of the fine H (C^ISF) based grains occurring in the coating is too low to ensure 
a desirable high temperature strength. On the other hand, a Ti content exceeding 30 
atomic and 1ST content exceeding 30 atomic °A> cause an abrupt reduction of 
1 5 hi gh-t emp eratur e hardness and lubricity. Therefore, the respective contents are 
determined to be H: 0.5 to 30 atomic and 1ST: 0.5 to 30 atomic %>- 
(c) Average thickness 

If the average thickness of the lubricant layer is less than 1 um, desirable 
lubricity cannot be ensured for a long period of time. On the other hand, if an average 
20 thickness of the layer exceeds lO urn* the cutting edge tends to be chipped. Therefore, 
the average thickness of the layer is determined to be 1 to lO um. 

As described above,, the coated hard metal tool of the invention has a lower layer 
(hard layer) and an upper layer (amorphous carbon based lubricant layer) formed on a 
surface of substrate of the WC based cemented carbide, or titanium carbonitxide-base 
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cermet. 

1 . TilST, Ti.CN, and TiATN in the lower layer provide excellent bonding strength 

with the substrate and high temperature strength, heat resistance, and high temperature 
hardness. 

5 2. Amorphous carbon based lubricant layer: 

2- 1 As components in the carbon based amorphous phase, W is contained in order to 

improve the strength of the coating, and C is contained in order to improve lubricity; 
2-2 By dispersive distribution of fine grains of crystalline Ti(C^M> based 

compounds <TiN, TiCN or the luce), and fine grains of crystalline (Ti,Al) (C 3 >0 based 
lO compounds (TiAIN, HA1CN or the like) in the carbon based amorphous phase described 

in the above 2-1, the upper lubricant layer as a whole may have enhanced wear resistance, 
heat resistance, high-temperature hardness, and high-temperature strength. 

3. Preferably, crystalline Ti(C,N) based compounds and crystalline (Ti^AI) (jCJST) 
based compounds dispersively distributed in the upper layer may have a grain diameter 

1 5 of not larger than 40 nm. If the grain diameter exceeds 40 nm, wear resistance of the 
upper layer as a whole is deteriorated. 

4, By combining the constitution of 1 to 3, the lower layer shows excellent high 
temperature hardness, heat resistance, and high temperature strength- In addition, by 
containing the fine crystal grains having a composition of the lower layer, the upper layer 

20 (amorphous carbon based lubricant layer) shows excellent lubricity, wear resistance and 
high temperature stability. 
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Hffect of the invention 

In a coated hard metal tool of the invention, hardness of a constituent amorphous 
carbon based lubricant coating is remarkably improved because of the dispersive 



27 

distribution of fine grains of crystalline Ti(C, 1ST) based compounds which, have an 
extremely fine grain size by the effect of deposition in the magnetic field. In addition* 
the matrix of the carbon based amorphous material is provided with high strength by the 
effect of the W component. Therefore, in the case of" high-speed cutting of various iron 
5 and steel materials such as steels and cast irons, Al alloys, or Cu alloys, the coated hard 
metal tool shows excellent wear resistance for a long period of time without occurring 
chipping. 

In a coated hard metal tool of the invention, hardness of a constituent amorphous 
carbon based lubricant coating is remarkably improved because of the dispersive 

lO distribution of fine grains of crystalline (Ti, A1X C * based compounds which have an 
extremely fine grain size by the effect of deposition in the magnetic field. In addition, 
the matrix of the carbon based amorphous material is provided with high strength by the 
effect of the W component. Therefore, in the case of high-speed cutting of various iron 
and steel materials such as steel and cast iron, Al alloys, or Cu alloys, the coated hard 

1 5 metal tool shows excellent wear resistance for a long period of time without occurring 
chipping. 

In addition, in a coated hard metal tool of the invention, the lower layer of 
(Al/Ti)Nf layer as a constituent of a surface coating layer shows excellent 
high-temperature hardness, heat resistance, and excellent high temperature strength. In 

20 addition, the amorphous carbon based lubricant layer as a constituent of the surface 

coating layer is provided with further excellent high temperature strength, by the effect of 
the W component contained in the matrix of the carbonous amorphous material, as well 
as by the effect of fine grains of crystalline TI (C» N) based compounds, and fine grains 
of crystalline (Ti, A1)(C, N) based compounds which have an extremely fine grain size by 

25 the effect of deposition in the magnetic field and are dispersively distributed in the 
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matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fid lAis a schematic drawing showing a texture of the amorphous carbon 

based lubricant coating (containing fine grains of crystalline Ti<C^ JST> based compounds ) 
of the invention as a result of observation using a transmission electron microscope. 

FIG IB is a schematic drawing showing the texture of an amorphous carbon 
based lubricant coating (containing tine grains of crystalline (Ti, Al) (C* N) based 
1 0 compounds ) of the invention as a result of observation using a transmission electron 
microscope. 

FIG. 2A is a schematic plan view showing a deposition apparatus used for 
formation of an adhesion bonding layer and an amorphous carbon based lubricant coating 
as constituents of a coated hard metal tool of the invention. 
1 5 FIGL 7-B is a schematic front 'view of the deposition apparatus shown in FIG 2 A. 

FIG. 3A is a schematic plan view of a deposition apparatus used for formation of 
an adhesion bonding layer and an amorphous carbon based lubricant coating as 
constituents of a coated hard metal tool of the invention. 

FIGL 33 is a schematic front? view of the deposition apparatus shown in FIG 3A. 
20 FIG 4A is a schematic plan view of an arc ion plating apparatus used for 

formation of a (AJ/Ti)N layer as a lower layer of a surface coating layer of a coated hard 
metal tool of the invention. 

FIG 43 is a schematic front view of the arc ion plating apparatus shown in FIG 

4A. 

25 FIG 5A is a schematic pi an i view of a deposition apparatus used for formation of 
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an adhesion bonding layer and an amorphous carbon based lubricant coating as 
constituents of a conventional coated hard metal tool (comparative coated hard metal 
tool)- 

FIG. 5B is a schematic front view of* a deposition apparatus shown in FIG. 5A. 
5 FIG. 6 is a schematic plan view of an arc ion plating apparatus which has been 

used for formation of a <T1, Al)N layer as a lower layer of a surface coating layer, and an 
amorphous carbon based lubricant layer as an upper layer of a conventional coated hard 
metal tool. 

lO BEST MODE FOR CARRYING OUT THE INVEJSri ION 

Next a coated hard metal tool of the invention is explained with reference to 
examples 
Example 1 

As constituent powders, WC powder, TIC powder, VC powder, TaC powder, 
15 NbC powder, Cr 3 C2 powder, and Co powder, all of which had an average grain diameter 
in a range from O.S to 3 urn, were prepared and mixed in accordance with the 
compounding ratios presented in Table 1 . The constituent powders were blended under 
wet conditions using a ball mill for 84 hours. After being dried, the mixed powders 
were press-molded under a pressure of 1 OO MPa so as to form compacts. The compacts 
20 were held under vacuum conditions of 6Pa at a temperature of 1 4O0°C for 1 hour so as to 
be sintered. Thus, materials respectively composed of WC based cemented carbide 
were produced as a raw material for a hard metal substrate for carbon steel cutting, a raw 
material for a hard metal substrate for Al alloy cutting, and for Cu alloy cutting- By 
shaping the cutting edges by honing lof R:0.03, the above-described raw material for hard 
IS metal substrate for carbon steel cutting was shaped to hard metal substrates A-l to A-lO 
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having a geometrical confi guration ofan insert meeting ISO standard TNTMO 1 6O408. 
By grinding the above-described raw materials for hard metal substrates for Al alloy 
cutting, and for Cu alloy cutting were) shaped to hard metal substrates A~ 1 * to A-l O' 
having a geometrical configuration of an insert meeting ISO standard TEGX 160304R, 
5 In addition, as constituent powders, TiCN powder (TiC/TiN=50/5O by weight 

ratio), M02C powder, ZrC powder, JSTbCl powder, TaC powder, WC powder, Co powder 
and ISTi powder, all of which had an average grain diameter ranging from O.S to 2 um 
were prepared. These constituent powders were mixed in accordance with the 
compounding ratios presented in Table 2, blended under wet conditions using a ball mill 

1 0 for 84 hours, After being dried, the mixed powders were press-molded under a pressure 
of IOO MPa so as to form compacts* The compacts were held in a nitrogen 
atmosphere of 2 kPa at a temperature, of 1500 °C for one 1 hour so as to be sintered. 
Thus, raw materials respectively composed of TiOJ-based cermet were produced as a 
raw material for a hard metal substrate for carbon steel cutting, and a raw material for a 

15 hard metal substrate for cutting Al alloy and Cu alloy. By shaping the cutting edges by 
honing of R:0.03, the above-described raw material for a hard metal substrate for carbon 
steel cutting was shaped to hard metal substrates B-l to B-6 each having a geometrical 
configuration of an insert meeting ISlO standard TNMG HS040S. By grinding., the 
above-described raw materials for hard metal substrates for Al alloy curling, and for Cu 

20 alloy cutting were shaped to hard metal substrates B-l ' to B-6* having a geometrical 
configuration ofan insert meeting ISO standard TEGX 160304R. . 

Next, the above-described hard metal substrates of A-l,rto A-10,10% and B-l, 
1 * to B-6, 6 * were subjected to ultrasonic cleaning in an acetone bath. At a dried state, 
the hard metal substrates were placed on a rotation table of a deposition apparatus shown 

25 in FIGS. 2A and 2B such that a plurality of the substrates formed a ring-like arrangement 
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radially distant from the center axis of trie table by a predetermined distance, A Ti 
target of purity: 99.9 °/o by weight was placed as a cathode (evaporation source) of a 
magnetron sputtering device on one side ? and a WC target of purity: 99.6 °A> by weight 
was placed as a cathode (evaporation (source) of a magnetron sputtering device on the 
5 opposite side. In addition, at a position orthogonal to the two above-described cathodes, 
a Ti-Al alloy target of a predetermined composition was placed as a cathode (evaporation 
source) of a magnetron sputtering device to form an adhesion bonding layer comprising a 
(Ti* Al) Ki layer. 

(a) Firstly, while maintaining the inside of the apparatus under a vacuum condition 
10 of O.Ol Pa, the interior of the apparatus was heated to 200 0 C\ After that, Ar gas was 

introduced into the apparatus to obtain an Ar atmosphere of 0.5 Pa. In that state, by 
applying a bias voltage of -SOOV, the {hard metal substrates revolving and rotating on the 
rotation table were subjected to Ar gas bombardment cleaning for 20 minutes. 

(b) Next magnetic coils of the pair of magnetron sputtering devices oppositely 

1 5 arranged in the deposition apparatus were respectively applied with a voltage: 50V and a 
current: 1 OA, and a magnetic field was generated so as to have a flux density of 14-OG 
(Gauss) at the placing positions of the hard metal substrates. The heating temperature 
of the interior of the deposition apparatus was maintained at 400°C In that state, 
nitrogen and Ar were introduced into the apparatus as a reaction gas in a proportion of 

20 nitrogen flow rate: 300 seem and Ar iflow rate: 200 seem to obtain a reaction atmosphere 
of lPa, being composed of a mixed gas of nitrogen and Ar. Alternatively* as a reaction 
gas, nitrogen and Ar were introduced into the apparatus in a proportion of C2H2 

flow rate: SO seem, nitrogen flow rate: 300 seem and Ar flow rate: 230 seem to obtain a 
reaction atmosphere of 1 Pa, being composed of a mixed gas of resolved C2H2 gas, 

25 nitrogen and Ar. In the reaction atmosphere, a cathode (evaporation source) of Ti target 
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was applied with electric power for sputtering of l2kW(frequency: 40kHz), and trie 
above-described hard metal substrate was applied with, a bias voltage of -lOOV, Under 
that conditions, by the generation of a' glow discharge, on the surface of each of the 
above-described hard metal substrates, an adhesion bonding layer having a set thickness 
5 listed in Table 3, and comprising one or both of a UN layer or TiCN layer was deposited, 
(c) The above-described magnetic coils were subj ected to predetermined conditions 

within a range of electric voltage: 50 to 1 OOV, and a current: 10 to 20 A, and the magnetic 
flux: density at the placing positions of the hard metal substrates was controlled to a 
predetermined value within a range oif magnetic flux density : 100 to 3000 (Gauss). 

1 0 While maintaining the interior of the apparatus at a heating temperature of 400 0 C and 
applying the hard metal substrate with a bias voltage of - 1 OOV, as a reaction gas, C 2 H 2 » 
nitrogen and Ar were introduced into' the apparatus at predetermined flow rate within 
ranges of C2H2 flow rate: 25 to 10O sccm 3 nitrogen flow rate; 200 to 300 seem, and Ar 
flow rate: ISO to 250 seem to obtain a reaction atmosphere of lPa, being composed of a 

1 5 mixed gas of resolved C2H2 gas, nitrogen and Ar. In the above-described pair of 

magnetron sputtering devices, the cathode (evaporation source) of WC target was applied 
with a predetermined electric power for sputtering within a range of e.g., output: 1 to 
3 k WXfre quency : 40kHz). At the same time* the Ti target was applied with a 
predetermined electric power for sputtering within a range of output: 3 to 8 kW 

20 (frequency: 40kHz). Under the above-described conditions, the substrates were 

deposited with an amorphous carbon based lubricant coating respectively having a set 
composition and a set layer thickness listed in Table 3. By the above- described process, 
inserts 1, 1 * to 26, 26' made of surface-coated hard metal of the invention (hereafter 
referred to as coated inserts of the invention) were produced as coated hard metal tools of 

25 the invention. 
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In addition, the above -described hard metal substrates of A-l,l*to A- 10,10% and 
B- 1 , 1 * to B-6, 6* were subjected to ultrasonic cleaning in an acetone bath* After being 
dried, the hard metal substrates were placed on a rotation table of a deposition apparatus 
shown in FIG 3A and 3B such that a plurality of the substrates formed a ring-like 
5 arrangement radially distant from the center axis of the table by a predetermined distance. 
A Ti-Al alloy target of a predetermined composition was placed as a cathode 
(evaporation source) of a magnetron sputtering device on one side* and a WC target of 
purity: 99.6 °At by weight was placed as a cathode (evaporation source) of a magnetron 
sputtering device on the opposite side. In addition, at a position orthogonal to the two 
1 0 above-described cathodes, a Ti target of a purity: 99.9 ✓'o by weight was placed as a 

cathode (evaporation source) of a magnetron sputtering device for formation of a one or 
both of a Ti layer and a TiCN layer. 

(a) Firstly, while maintaining the interior of the apparatus under a vacuum condition 

of O.Ol Fa, the interior of the apparatus was heated to 200 0 C After that, Ar gas was 

15 introduced into the apparatus to obtain an Ar atmosphere of 0.5 Pa. In that state, by 

applying a bias voltage of -SOOV, the hard metal substrates revolving and rotating on the 
rotation table were subjected to Ar gas bombardment cleaning for 20 minutes. 

(b) Next, magnetic coils of the pair of magnetron sputtering devices oppositely 
arranged in the deposition apparatus were respectively applied with a voltage: 50V and a 

20 current: 10A, and a magnetic field was generated so as to have a flux density of 140G 
(Gauss) at the placing positions of the hard metal substrates. The heating temperature 
of the interior of the deposition apparatus was maintained at 400 0 C In that state, as a 
reaction gas, nitrogen and Ar were introduced into the apparatus in a proportion of 
nitrogen flow rate: 300 seem and Ar flow rate; 2LOO seem to obtain a reaction atmosphere 

25 of IPa, being composed of a mixed gas of nitrogen and Ar. Alternatively, as a reaction 
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gas, C2H2, nitrogen and Ar were introduced into the apparatus in a proportion of C2H2 
flow rate: 50 seem, nitrogen flow rate: 300 seem and Ar flow rate: 23 O seem to obtain a 
reaction atmosphere of IPa, "being composed of a mixed gas of resolved C2H2 gas, 
nitrogen and Ar. In the reaction atmosphere, the cathode (evaporation source) of the Ti 
5 target was applied with electric power for sputtering of 12k"W(frequency: 40kHz), and 
the above-described hard metal substrates were applied with a bias voltage of -1 OO V. 
Under these conditions, by the generation of a glow discharge, on the surface of each of 
the above-described hard metal substrates, an adhesion bonding layer having a set 
thickness listed in Table 4, and comprising one or both selected from a TDSf layer or a 

IO TiCTN" layer was deposited- 

(c) The above-described magnetic coils were subjected to predetermined conditions 

within a range of electric voltage: 50 to IOOV; and a current: 1 0 to 20 A, and the magnetic 
flux at the placing positions of the hard metal substrates was controlled to a 
predetermined value within a range of magnetic flux: IOO to 3000 (Gauss). While 

15 maintaining the interior of the apparatus at a heating temperature of 400 0 C and a bias 
voltage of -70V applying to the hard metal substrate, as a reaction gas, C2H2, nitrogen 
and Ar were introduced into the apparatus at predetermined flow rates within ranges of 
C2H2 flow rater 25 to 100 seem, nitrogen flow rate: 200 to 30O seem, and Ar flow rate: 
1 50 to 250 seem to obtain a reaction atmosphere of 1 Pa, being composed of a mixed gas 

20 of resolved gas of C2H2, nitrogen and Ar. In the above-described pair of magnetron 

sputtering devices, the cathode (evaporation source) of the WC target was applied with 
predetermine d electric power for sputtering within a range of e.g., output: 1 to 
3kW(frequency; 40kMz). At the same time, the Ti-Al alloy target was applied with 
electric power for sputtering within a predetermined range of output: 3 to 8kW(frequency: 

25 401cHz). Under the above-described conditions, the substrates were deposited with 
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amorphous carbon based lubricant coating respectively having a set composition and a 
set layer thickness listed in Table 4. By the above-described process* inserts 27, 27* to 
42, 42* made of surface-coated hard metal of the invention (hereafter referred to as 
coated hard metal inserts) were produced as coated hard metal tools of the invention- 
5 In addition., the surfaces of the above-described hard metal substrates of -A.- 1 3 1 'to 

A-10,lO% and B-l, 1" to B-6, 6' were subjected to ultrasonic cleaning in an acetone bath. 
With a purpose of obtaining a comparative data, a sputtering device shown in FIO. 5A 
and 513 was used. The apparatus comprised a counter arrangement of a sputtering 
device equipped with a 11 target as a cathode (evaporation source) and a sputtering 
1 0 device equipped with a WC target as a cathode (evaporation source). The hard metal 

substrates were placed on a rotation table in the deposition apparatus such that a plurality 
of the substrates formed a ring-like arrangement radially distant from the center axis of 
the table by a predetermined distance. 

(a) Firstly, while maintaining the interior of the apparatus under a vacuum condition 

15 of O.Ol Pa 9 the interior of the apparatus was heated to 200 0 C. After that, Ar gas was 
introduced into the apparatus to obtain an Ar atmosphere of 0.5 Pa. In that state, by 
applying a bias voltage of -800V, the hard metal substrates revolving and rotating on the 
rotation table were subjected to Ar gas bombardment cleaning for 20 minutes, 
(b) Next, the heating temperature of the interior of the deposition apparatus was 
20 maintained at 300 0 C In that state, as a reaction gas, nitrogen and Ar were introduced 
into the apparatus in a proportion of nitrogen flow rate: 2O0 seem and Ar flow rate: 300 
seem to obtain a reaction atmosphere of lPa, being composed of a mixed gas of nitrogen 
and Ar. Alternatively* as a reaction gas, nitrogen and Ar were introduced into the 

apparatus in a proportion of C2II2 flow rate: 40 seem, nitrogen flow rate: 200 seem and 
25 Ar flow rate: 300 seem to obtain a reaction atmosphere of lPa, being composed of a 
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mixed gas of resolved gas of C2H2, nitrogen and Ar. In the reaction atmosphere, the 
cathode (evaporation source) of" the Ti target was applied with an electric power for 
sputtering of 1 2kW(frequency: 40kHz), and the above-described hard metal substrate is 
applied with a bias voltage of -lOOV. Under that conditions, by the generation of a glow 
5 discharge, on the surface of each of the above-described hard metal substrates, an 

adhesion bonding layer having a set thickness listed in Xable 5, and 6, and comprising 
one or both of TiN layer or TiC"Nf layer was deposited- 

<c) Next, while maintaining the interior of the apparatus at a heating temperature of 

200 0 C as a reaction gas, C2H2 and Ar were introduced into the apparatus at 

IO predetermined flow rates within ranges of C2H2 flow rate: 40 to 80 seem, and Ar flow 

rate; 25 O seem to obtain a reaction atmosphere of IPa, being composed of a mixed gas of 
resolved gas of C2H2 and Ar. At the same time, the above- described hard metal 
substrates were applied with a bias voltage of -20V, and the cathode (evaporation source) 
ofWC target was applied with a pre det erm ined electric power for sputtering within a 

1 5 range of output: 4 to 6kW(frequency: 40kHz). Under the above-described conditions, 
on the above-described adhesion bonding layers* the substrates were deposited with an 
amorphous carbon based lubricant coating respectively having a set composition and a 
set layer thickness listed in Tables 5 and 6. By the above-described process, 
comparative inserts l s 1* to 16, 16' made of surface-coated hard metal (Thereafter referred 

20 to as comparative coated hard metal inserts) were produced as conventional coated hard 
metal tools. 

Next, the above-described coated hard metal inserts 1, 1 * to 42, 42* of the 
invention, and comparative coated hard metal inserts 1, 1* to 16* 16" were respectively 
screw-mounted with a fixture-jig on an end of a bit made of a tool steel, and were applied 
25 to the following tests of high-speed dry cutting. 
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Cutting tests on a carbon steel were carried out under high-speed (compared 
with normal cutting speed of 120m/min) s dry cutting conditions comprising: 
workpiece: a round bar of JIS- S 1 OC; 
cutting speed : 350 nVmin; 
5 depth of cut: 1.2 mm; 

feed: 0.1 S mm/rev; and 
cutting time: 5 minutes. 

Cutting tests on an Al- alloy were carried out under nigh-speed (compared with 
normal cutting speed of 400xn/min) > dry cutting conditions comprising: 
lO workpiece: a round bar of JIS- A5052; 

cutting speed : 1 OOOm/min; 

depth of cut: 1 ,4- mm; 

feed: 0.3 mm/rev; and 

cutting time: 20 minutes. 
15 In addition, cutting tests on an Cu-alloy were carried out under high-speed 

(compared with normal cutting speed of 200 m/min>, dry cutting conditions comprising: 

worfcpiece; a round bar of JIS- C7310; 

cutting speed : 43 O m/min; 

depth of cut: 1 ,2 mm; 
20 feed: 0.25 mm/rev; and 

cutting time: 20 minutes- 

In each of the cutting tests, widths of flank wear were of the cutting edges 
measured. The results of the measurements are listed in Tables 3 to 6. 
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Table 1 



Type 


Compos i t i on (% by we i ghtO 


Co 


TiC 


TaC 


NbC 


vc 


Cr 3 C 2 






A-i r r 


cr 
O 












ba I 3nc© 




A~2 r 2' 


5. 5 





0.2 


1. 8 







ba I ance 


1 


A-3. 3' 


6 


- 


- 


- 


- 


0. 1 


ba I ance 




A-4. 4' 


6. 5 








0. t 




ba J ance 




A-5, 5' 


7 








0. 3 


O. 3 


ba tance 


4ETALSI 
(INSER' 


A-6, 6' 


7. 5 




2 








ba lance 


A-7. 7* 


8 










O. 5 


ba lance 




A-8 T 8' 


8. 5 


5 




3 






ba I ance 




A-9. 9' 


9 


O. 5 


2. 5 








ba I ance 




A-10 F 1<T 


9. 5 


1.5 




0. 5 






ba I ance 



Table 2 



Type 


Compo sition by weight) 


Co 


Mi 


ZrC 


TaC 


NbC 


Mo 2 C 


wc 


Ticnsr 


ii 
3 H 


1* 


14 


4.5 




io 




IO 


i e 


balance 


B-2, 2' 


7 


6 




5 




7.5 




balance 


B-3* 3' 


8 










6 


IO 


balance 


B-4, 4' 


11 


4.5 




11 


2 






balance 


B-5, 5* 


9 


4 


1 


8 




IO 




balance 


B-6, 6* 


12 


5.5 




IO 




9.5 


14,5 


balance 
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Table 3 



Type 


Hard metal 
substrata 
number 


Adhesion 
bond i lis 
layer 


Amorphous carbon based lubricant coating: 


Width of flank wear Gun) 


set 
thickness 


«st 

composition 
(atonic 


set 
thi ckness 


Grain 
diameter 

of 
Ti CC.H) 
orysta 1 
(ran) 


high 
speed 
outt ing 

of 
carbon 
steel 


high 
speed 
cutting 
of 
Al 
at loy 


h i eh 
speed 
cutting 
of 
Cu 
a 1 1 oy 


TiN 
1 eyer 


T 1 CM 
layer 


W 


Ti 


N 


+iropur i t i es 




i.r 


A-1 . 1 ' 


0. 1 


— 


5. 0 


20. 0 


10. 0 


balance 


1.0 


39.5 


O. 2E 


0. 17 


O. 16 


2. 2' 


A-2, 2' 


— 


1. o 


10. 0 


15. O 


7. 5 


ba 1 ance 


3. O 


23. E 


0. 22 


0. 14 


O. 13 


3. 3* 


A-3. 3' 


I.O 


0. 5 


IB. 0 


10. 0 


5.0 


balance \ 


5.0 


22. 5 


0.2 


0. 12 


O. 11 


4, 4' 


A-4, 4* 


— 


2. O 


20. O 


5. O 


2. 5 


bal ance 


7. O 


9.0 


0. 17 


0. 1 


0.08 


5. 5' 


A-5. 5' 


2.5 


— 


5. O 


ZO. O 


18. 0 


ba 1 ance 


9.0 


8.5 


O. 15 


O. 07 


0. 06 


6. 6* 


A-6, 6' 


1.0 


2. 0 


lO. O 


15. O 


IO. 5 


balance 


13. 0 


7.0 


0. 12 


0. 05 


O. 04 


7. 7' 


A-7. T 


o. 5 




is. a 


JO. O 


9. O 


balance 


3. O 


35. 5 


O. 23 


0. 15 


O, 14 


8. 8' 


A-8. 8' 




3 O 


20 0 




O 5 


ba 1 anca 


5.0 


20. 5 


0. 21 


O. 13 


0. 13 


9, ©• 


A-9, 9" 


0. 5 


2. 5 


ID. o 


IO. 0 


3.0 


balance 


I 7. O 


13. 5 


O. 19 


0. 12 


0.09 


10. IO' 


A-10. 10' 


2. O 




15.0 


15. O 


1.5 


balance 


9.0 


9.5 


0. 17 


O. 09 


O.07 


11,11* 


A-1, 1' 


20 




5. o 


20. O 


18. O 


ba 1 ance 


9. O 


30. 4 ! 


O. 23 


0. 12 


0. 1 1 


12. 12' 


A-3. 3' 




1.5 


io. o 


30. 0 


25. O 


balance 


| 6. 0 


15. S 


0. 19 


0. 14 


0. 10 [ 


13, 13' 


A-5. 5' 


6.5 


O. 5 


20. O 


20. O 


16.5 


bal ance 


4. 0 


13.0 


0. 18 


0. 16 


0. 09 


14. 14' 


A-7. 7* 


0. 5 


I.O 


io o 


0.5 


IO. 0 


ba 1 ance 


5.0 


8. O 


0. 35 


0. 03 


0.05 


15, 15' 


A-9, 9' 




1.5 


40. O 


4.0 


30. 0 


ba 1 ance 


IO. O 


5_0 


0. OS 


0. 21 


O. 25 


16, 16' 


B-1. 1' 




Z. 5 


5.0 


5. O 


2.5 


ba 1 anoe 


9.0 


9. 5 


O. 15 


O. 08 


O. 07 


17, 17* 


B-2. 2' 


1.0 


1. o 


10.0 


10. O 


5.0 


balance 


7. O 


13. 5 


O. 16 


O. 11 


O. IO 


1 8. 1 S' 


B-3, 3' 




I.O 


15.0 


15. 0 


7. 5 


ba 1 ance 


3. 0 


28.5 


0. 21 


0. 14 


O. 12 


19, 10" 


B-4. 4' 


1.5 




20. 0 


20. O 


IO. O 


balance 


13.0 


8. O [ 


O. 13 


0.O6 


0.06 


20. 20' 


B-5, S' 




O. 1 


IO. 0 


15. O 


13.5 


balance 


I.O 


36.0 


O. 24 


0. 19 


O. 18 


21. 21" 


B-8. 6' 


1.5 


1.B " 


15. O 


10. o 


1.0 


balance 


5.0 


21. O 


0. 19 


O. 13 


0. 11 


22. 22' 


B-1. 1" 




0.5 


20. O 


SO 


4.5 


balance 


8.0 


17. O 


O. 18 


O. 12 


O. 12 


23. 23" 


B-3. 3' 


2. O 




15.0 


20. O 


15.0 


balance 


10.0 


8.5 


O. 14 


O. 08 


0. 06 


24, 24" 


B-4. 4' 


2.0 


1. 0 


10. O 


30. O 


26. 0 


balance 


2. O 


23.0 


O. 20 


0. 15 


0. JO 


11113 


B-5. 5' 

1 B-6, 6' 


1.5 


0. 5 

1. O 


20. 0 
35 O 


3. O 
1. 5 


IO. 0 
30. O 


balance 
balance 


6 O 
12. 0 


39. O 
SO 


O. 29 
0. IO 


0.05 

0.23 


0.04 
O. 20 
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Table 4 



Type 


Hard metal 
substrate 
number 


Adhesion 
bond » njr 
layer 


Amorphous carbon based lubricant coating 


Width of flank wear GmO 


Set 
thickness 


Set 
actios \ tl on 
(atomic %> 


Set 


Grain 
diameter 
of 

CTi. Al) (C. N> 
Crm) 


high 

speed 
cutt i ng 

of 
carbon 

steel 


high 
speed 
cutt i ng 
of 
Al 
alloy 


high 
speed 
cutting 
of 
Cu 
al loy 


TIN 
I ayer 


TiCM 
I ayer 


ff 


Ti 


Al 


M 


Tmpvr i t iee 


th i cknees 


27 r 27' 


A-1 r 1- 










15 0 


22. 5 


ba 1 ancA 


3. D 


32.6 


0. 21 


0. 16 


O. 14 


26„ 28 7 


A-2. 2 P 




1 . o 




8. O 


1 2. O 




bal anoe 


5.0 


24.9 


0.19 


0. 13 


0. 12 


29. 29' 


A-3, 3' 




O. 5 






6. 0 




balance 


7. O 


22. 1 


O r 19 


O. 11 


O. 12 


30. 30' 


A-4. 4' 




2. 0 


20. 0 


TO. O 


1 5. 0 


2. 5 


ba 1 a nee 


9.0 


1 1. 7 


O. 14 


O. 1 


0. 07 


31. 31' 


A-5. 5' 






5 O 








ba 1 ance 


1.0 


8. 6 


0. 13 


O. 07 


0. 05 


32. 32' 


A-6. 6' 


I. 0 


2. O 




7. 5 


1. 5 




be ( ance 


3.0 


5.3 


O. 1 


O. 04 


0.04 


33. 33" 


A-7. 7' 


O. 5 




15. O 


5. O 


5. 0 


3. 0 




5.0 


28.6 


O. 2 


O. 14 


0. 13 


34. 34' 


A-B, 8' 




3. O 


2D. O 


2. 5 


2.5 


O. 5 


balance 


7.0 


25.7 


O. 2 


0. 12 


O. 12 


35. 35' 


A-9. 9' 


0, S 


2. 5 


5.0 


2. 5 


1.6 


0.4 


bal anoe 


9.0 


16.3 


O. 16 


O. 13 


O. OS 


36, 36' 


A-10. 10' 


2.0 




10.0 


6. O 


4.0 


6.0 


ba 1 anco 


13. O 


14.3 


0. 16 


O. 1 


0.07 


37. 37' 


fi-i. 1' 




2,5 


15. O 


10. o 


6. 7 


5.0 


balance 


13.0 


9.4 


0. 13 


0. 07 


0. 06 


3ft. 38' 


B-Z, 2' 


I.O 


1. 0 


20. 0 


2. 5 


1.6 


3.7 


ba 1 anoe 


9.0 


12. 2 


0. 15 


0. 1 [ 


O. 09 


39. 39 J 


B-3. 3' 




I.O 


5.0 


10. 0 


10.0 


10.0 


balance 


7. O 


21.2 


0. 19 


0. 13 


O. 11 


40. 40' 


B-4. 4' 


1.5 




io. o 


7.5 


7.5 


7.5 


bal anoe 


S.O 


6.5 | 


O. 11 


0. 05 


O. OS 


41. 41' 


B-6. 5" 




O. 1 


15.0 


5. O 


5. D 


5.0 


ba I anca 


3.0 


39. B 


0.23 


0. IB 


O. 16 


42. 42* 


B~G r fi- 


1.5 


1.5 


2O0 


7.5 


7.5 


7. 5 


balance 


1.0 


ia. a 


0. 17 


0. 12 


0. 1 
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Table 5 



Type 


Htrd rttetal 
substrate 


Adhesion bonding 
layer 


Amorphous Wtfbon based lubricant coating 


Width of flank wear (mm) 


Set tl 
( 


litkness 
um> 


Set composition 
(atomic %) 


Set 
thickness 
G*m) 


high 
speed 

cutting 
of 

carbon 
steel 


high 
speed 
cutting 
of 
Al 
alloy 


high 
speed 
cutting 
of 
Cu 
alloy 


number 


UN 
layer 


TiCN 
lay«r 


W 


Ti 


N 


impuritles 




I. 1" 


A-l, 1* 


0. 1 




5 






balance 




0. 75 


0. 67 






2, 2' 


A-2 2* 




1 








balance 


3 


0. 72 




0. 62 


3.3* 


A-3, 3 T 




0. 5 


15 






balance 


g 


O. 69 


0. 62 


O. 60 


g 

i ■ i 

I 


4,4' 


A-4> 4* 




2 


20 






balance 


, 7 


0.64 


0.60 


O. 68 


5> 5* 


A-5, 5" 






5 






balance 


& 


O. 62 


0.58 


0. 57 


6. 6' 


A-6, 6' 


1 


2 


io 






balance 


13 


O. 59 


0. B5 


0. 53 


7,7' 


A.-7, 7* 


0.5 




15 






balance 


3 


0. 74 


0. 67 


O. 64 


8, 6* 


A-8, 8' 




3 


20 






balance 


5 


O. 72 


O. 64 


0. 61 


9, 9" 


A-9„ 9' 


0,5 


2-5 


10 






balance 


7 


O. SB 


0. 62 


O. 60 


10,10* 


A-10. 10' 


2 




15 








9 


0. 65 


O. 60 


0.57 



Table 6 



Type 


Hard metal 
substrate 
number 


Adhes i on 
bonding 
layer 


Amorphous carbon based lubricant 
coating 


Width of flank wear toad 


Set 
thickness 


Set compos i t i on 
(atomic %> 


Set 
t h i ckne«« 


high 
speed 

cutting 
of 

carbon 
stee 1 


high 
speed 
cutting 
of 
Al 
al loy 


high 
speed 
oirtti ng 
of 
Cu 
el loy 


TiN 
layer 


TiCM 
layer 


W 


TI 


III 


C+ 

impuriti es 


(«m) 


ig 
11 


11. 11" 


B-1 . 1 * 




2. 5 


5 






ba 1 anoe 


9 


0. 61 


O. 57 


0. 57 


12, 12' 


B-2. 2' 


1 


1 


10 






balance 


7 


0.63 


O. 60 


0. 59 


13, 13' 


B-3. 3' 




f 


15 






balance 


3 


0. 70 


O. 65 


O. 63 


14. 14' 


B-4 r 4' 


1.5 




20 






ba 1 a nee 


13 


0. 60 


0. 57 


O. 55 


15. 15 T 


B-5, 5' 




0. 1 


IO 






bal a nee 


1 


0. 73 


0. 68 


0. 66 


16, 16' 


B-6. 6' 


1.5 


1.5 


15 






balance 


5 


0. 66 


O. 63 


r>. 62 
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Example 2 

As constituent powders, medium to coarse grained WC powder having an 
average grain diameter of 4.5pm, tine grained WC powder of average grain diameter: 0.8 
5 pm, XaC powder of average grain diameter: 1 3 urn, NbC powder of average grain 
diameter: 1 .2 urn, ZrC powder of average grain diameter: 1 .2 \xm y Or 3 C 2 powder of 
average grain diameter: 1-8 um ? VC powder of average grain diameter: 1.5 um„ (Ti,W)C 
(T1C/WC=5 0/5 O in weight ratio> powder of average grain diameter: 1.0 una, and Co 
powder of average grain diameter: 1 *8 um were prepared. These constituent powders 

1 0 were mixed in accordance with the compounding ratios presented in Table 7, added to 
wax and blended in acetone using a ball mill for 72 hours. After being dried under 
vacuum conditions,, the mixed powders were press-molded under a pressure of 100 MP a 
so as to form various compacts each of which having a predetermined form. The 
compacts were sintered by conditions including: a vacuum condition of 6Pa » heating the 

15 compacts at a heating rate of 7 a C/mimites to a predetermined temperature within a range 
of 1370 to 1 470°C, maintaining the compacts at the predetermined temperature for 3 
hour, and furnace cooling the compacts. Thus, three types of sintered round bars for 
forming a hard metal substrate, respectively having a diameter of 8 mm, 1 3 mm 4 or 26 
ram, were formed. By grinding the three types of sintered round bars, hard metal 

20 substrates (end mill) C-l to C-S were produced so as to have a form of four edges square 
with an angle of torsion of 30°, and diameter x length of the cutting edge of 6 mm x 13 
mm, lO mmx22 mux, or 20 mm><45 mm. 

Next, these hard metal substrates (end mills) C- 1 to C-8 were subjected to 
ultrasonic cleaning in an acetone bath. After drying, the hard metal substrates were 

25 placed in a deposition apparatus shown in FIOS. 2A and 2B or in FIGS. 3 A and 3B. 
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Under the same conditions as Example 1 , one or both of the TTM layer and TiCN layer* 
having a set layer thickness shown in Tables 8 and 9» and an amorphous carbon based 
lubricant coating having a set composition and thickness shown in Tables 8 and 9 were 
deposited. By the above -described process, end mills 1 to 19 made of surface-coated 
5 hard metal of the invention (hereafter referred to as coated hard metal end mill of the 
invention) were produced as coated hard metal tools of the invention. 

In addition, as a comparative example, the above- described hard metal 
substrates (end mills) C-l to C-8 were subjected to ultrasonic cleaning in an acetone bath- 
After being dried, the hard metal substrates were placed in a deposition apparatus shown 

1 0 in KlCxS. 5A and 53, under the same conditions as Example 1 , and one or both of a TIN 
layer and TiCN layer^ having a set layer thickness shown in Table 1 0, and an amorphous 
carbon based lubricant coating having a set composition and thickness shown in Table 1 0 
were deposited. By the above-described process, comparative end mills 1 to 8, made of 
surface-coated hard metal (hereafter referred to as comparative coated hard metal end 

1 5 mill) were produced as conventional coated hard metal tools. 

Next, the above-described coated hard metal end mills 1 to 19 of the invention, 
and comparative coated hard metal end mills 1 to 19 were applied to tests of high-speed, 
dry side cutting. 

The coated hard metal end mills 1 to 3, 9, 12 to 14 of the invention, and 
20 comparative coated hard metal end mills 1 to 3 were applied to high-speed (compared 
with normal speed of 1 80 m/min), dry side-cutting of an Al alloy under conditions 
comprising: 

workpiece: a plate of JIS- A5052 having a plate dimension of 100 mm X 250 mm 
and a thickness of 50 mm; 
25 cutting speed : 300 m/min; 
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depth of cut in the axial direction: 4 mm; 
depth of cut in the radial direction: 0.7 mm; and 
table feed: 22 OO mm/minute. 

The coated hard metal end mills 4 to 6„ 10 ? 15 to 17 of" the invention, and 
5 comparative coated hard metal end mills 4 to 6 were applied to high-speed (compared 
with normal speed of ISO m/rnin), dry side-cutting of a Cu alloy under conditions 
compri sing : 

workpiece: a plate of JIS* C3710 having a plate dimension of 100 mm X 250 nun 
and a thickness of 50 mm; 
1 0 cutting speed : 300 m/min; 

depth of cut in the axial direction: 6 mm; 
depth of cut in the radial direction: 1 . 1 mm; and 
table feed: 2050 mm/minute. 

The coated hard metal end mills 7 and S of the invention, and comparative 
15 coated hard metal end mills 7 9 8,1 1,1 8 and 1 9 were applied to high-speed (compared with 
normal speed of 200 m/min), dry side cutting of a carbon steel under conditions 
comprising: 

workpiece: a plate of JIS- SIOC having a plate dimension of 100 mm X 250 mm 
and a thickness of SO mm; 
20 cutting speed : 3 SO m/min; 

depth of cut in the axial direction: S mm; 
depth of cut in the radial direction! 2 mm; 
table feed: 2050 mm/minute. 

In each side-cutting test, the length of cut by the end mill until the end of the 
25 working lifetime of the end mill was measured. In each case, the end mill was regarded 



45 

to reach its lifetime when a width of flank: wear of a peripheral edge of a cutting edge of 
the end mill reached 0. 1 mm. The results are listed in Tables S to 10. 



Table 7 







Compositior 


i by weight) 


Diameter X length 




Co 


art, w;kj 


ThC 


*4bC 


ZrC 




VC 


wc 


of cutting edge 


3 
m 

LlJ 


C-l 


5 














fine grain; balance 


6X13 


C-2 


6 






1 








"fine grain: balance 




C-3 


6 








1 


0.5 


0.5 


fine grain: balance 


6X13 


i 


C-4 


9 5 










0. 3 


0.3 


fine grain: balance 


10X22 




OS 


7 


IB 


4. 5 


O. E 








roeditjm-DOBrse grafn: 

DB f DflCB 


10X22 


C-6 


7.5 










a. G 




fine grain: balanoe 


10X22 


a 


C-7 


B 


20 


1 


4 








medlwj-ooarse grain: 
ba 1 ance 


20X45 ! 




C-8 


9 


9 


1 


5 


2 


3 




medf um— coarse grain: 
balance 


20X45 
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Table 8 



Type 


Hard metal 
substrate 
number 


Adhaa ion 
bonding layer 


Amorphous carbon based lubricant coating 




S 

thiol 


at 

«nB55 

m) 


Set composition 
(atomic %) 


Set 
th j okness 


Gral n 
d i ameter 

of 
Ti CC. N) 
orystal 
(rm) 


Cutting 
\ ength 

Cm) 


TiN 
layer 


TiCN 
layer 


W 


Ti 


H 


C+ 

t if^ur 1 1 r os 


<jun») 


1 

i 

i 

§ 


1 


C-1 




- 


5. 0 


20. O 


IO. 0 


ba I ance 


3 


21. 3 


105 


2 


C-2 


- 


I.O 


to. o 


16. 0 


7. 5 


ba 1 ance 


5 




270 


3 


C-3 


05 


0.5 


15. O 


IO. 0 


S.o 


ba 1 once 


3 


28. 3 


186 


4 


C-4 


- 


1.5 


20.0 


5,0 


2.5 


ba 1 anae 


7 


11.5 


223 


5 


c-s 


0. 5 


2.0 


50 


20. O 


18, O 


be 1 artoa 


0 


25. 3 


245 


6 


G-6 


0.5 




lO.O 


15. O 


IO. 5 


balance 


3 


17. 2 


192 


7 


C-7 


3.0 




15,0 


10.0 


0. 0 


balance 


s 


15. 5 


70 


8 


G-0 




3.0 


2O.0 


5.0 


0.5 


balance 


t3 


5. 6 


84 


9 


C-T 


OS 


1.0 


10. O 


0.5 


lO.O 


ba lance 


5 


5.3 


213 


io 


C^4 




i.s 


40.0 


4.0 


30. O 


balance 


TO 


13.2 


205 


It 


C-7 




1. 5 


lO.O 


30,0 


25.0 


balance 


5 


37.4 


64 
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Adhesion bonding 
layer 


Amorphous carbon based lubricant coating 




Type 


Hard metal 
substrate 


Set thickness 
CiinO 




Set compos 
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» 




Set 


Grain 
diameter of 


Cutting 
length 
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TIN 
layer 


TiCN 
layer 




Ti 


Al 


N 


C+ 
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(/zm) 


<Ti T Al) <c.ro 
based crystal 
<nm) 


0n> 




12 


C-1 


D- 1 




lO.O 


10.0 


6, 7 


1- 5 


balance 


3 


14.5 


205 


i 


13 


C-2 




1. O 


20. O 


10.0 


IO. O 


19. 0 


balance 


5 


9. 7 


221 




14 


0-3 


O. 5 


O. 5 


5.0 


10.0 


15. O 


22.5 


ba 1 ance 


3 


32.5 


1 95. 




15 


C-4 




1.5 


IO. 0 


5,0 


8. O 


6.5 


balance 


7 


13. 1 




i 


16 


C-5 


0.5 


2.0 


20.0 


7.5 


7.5 


4. 5 


ba 1 ance 


9 


7.3 


257 


S 


17 


C-6 


O. 5 




5.0 


2. 5 


1. 6 


0. 4 


bal ance 


3 


18.5 


202 




IB 


C-7 


3. 0 




10. o 


4.5 


5. 5 


0.7 


ba 1 ance 


9 


11.6 


74 




19 


C-3 




3.0 


15. O 


5.5 


4.5 


0. 6 


balance 


13 


12. 6 


88 
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Table 1 0 



Type 


Hard metal 
substrata 
number 


Adhesion bonding 
1 ayer 


Amorphous, carbon based lubricant: ooating. 


Cutting 
length 

Cm) 


Set: thickness 
(/f n) 


Set QDIIf>DB i 

Catomio 5 


ticn 


Sat 
th i oknes 
S 


TiN 

1 ayer 


TiCN 
lever 






fi 


injaur f ties 


COMPARATIVE HARD METAL END MILL 




C-1 


0. 1 




20 






ba 1 anco 




€8 


2 


C-2 




1 


TO 








g 


72 


3 


C-3 


0. S 


O. 5 


B 






ba I oncQ 


3 


66 


4 


C— 4 




1.5 


5 






ba 1 arwe 


7 


BO 


5 


C-5 


O. 6 


2 


10 






ba 1 ance 




91 


€ 


C-8 


o.s 




zo 






balance 


3 


64 




C-7 


3 




15 






balance 


0 


29 


8 


C-B 




3 


10 






ba 1 ance 


13 


34 



^ Example 3 

Using the three types of round bar sintered body produced in the 
above-described Example 2 and having a diameter of 8 mm (for forming hard metal 
substrates C-1 to 13 nun (for forming hard metal substrates C-4 to C-6)* or 26 mm 

(for forming hard metal substrates C-7 and C-8), hard metal substrates (drills) E>-1 to f>-8 

1 0 were produced by grinding the round bars. Each of the hard metal substrates had a 

two-edge form with an angle of torsion of 30 0 5 and a diameter * length of a flute forming 
portion of 4 mm x 13 mm (hard metal substrates I>-1 to D-3), 8 mm* 22 mm (hard metal 
substrates T>~A to E>-6>* and 16 mm^45 mm (bard metal substrates D-7 and D-8). 

Next, cutting edges of the hard metal substrates (drills) JD-1 to E>-8 were 

15 subjected to honing. The hard metal substrates were subjected to ultrasonic cleaning in 
an acetone bath. After being dried, the hard metal substrates were placed in the 
deposition apparatus shown in FIGS. 2A and 2B or FIGS. 3A and 3B. Under the same 
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conditions as the above-described Example 1, one or both selected from TrM layer and 
TiCN layer, having a set layer thickness shown in Tables 11 and 12 ? and an amorphous 
carbon based lubricant coating having a set composition and thickness shown in Tables 
11 and 12 were deposited. By the above-described process, drills 1-19 made of 
5 surface-coated hard metal of the invention (hereafter referred to as coated hard metal 
drills of the invention) were produced as coated hard metal tools of the invention. 

In addition, as a comparative example, cutting edges of the hard metal substrates 
(drills) E> 1 to D-8 were subjected to honing. The above -described hard metal 
substrates were subjected to ultrasonic cleaning in an acetone bath. After drying, the 

10 hard metal substrates were placed in a deposition apparatus shown in FIGS. 5 A. and 5B, 
under the same conditions as Example 1, one or both of the TiN layer and TiCN layer, 
having a set layer thickness shown in Table 13, and an amorphous carbon based lubricant 
coating having a set composition and thickness shown in Table 13 were deposited* By 
the above-described process, comparative drills 1 to S, made of surface-coated hard metal 

1 5 (hereafter referred to as comparative coated hard metal drills) were produced as 
conventional coated hard metal tools. 

Next, the above-described coated hard metal drills 1 to 1 9 of the invention, and 
comparative coated hard metal drills 1 to 8 were applied to tests of high-speed, wet 
drilling. 

20 The coated hard metal drills 1 to 3, 9, 12 to 14 of the invention, and comparative 

coated hard metal drills 1 to 3 were applied to tests of high-speed (compared with normal 
speed of 1 20 m/min), wet drilling of an AJ alloy under conditions comprising: 

workpiece: a plate of JIS- A5052 having a plate dimension of 100 mm X 250 mm 
and a thickness of 50 mm; 

25 drilling speed : 2SO m/min; 
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feed: 0.4 mm/rev; and 
depth of a hole: 6 mm. 

The coated hard metal drills 4 to 6, 10 3 15 to 17 of the invention, and 
comparative coated hard metal drills 4 to 6 were applied to tests of high-speed (compared 
5 with normal speed of 1 1 Qm/mfn), wet drilling of a carbon steel under conditions 
comprising: 

workpiece: aplate of JIS- S10C having a plate dimension of 100 mm X 250 mm 
and a thickness of 50 mm; 

drilling speed : 250 m/min; 
lO feed: O.S mm/rev; and 

depth of a hole: 12 mm. 

The coated hard metal drills 7 b 8* ll s IS and 19 of the invention, and 
comparative coated hard metal drills 7 and 8 were applied to tests of high-speed 
(compared with normal speed of 1 1 0 m/min), wet drilling of a Cu alloy under conditions 
1 5 comprising: 

workpiece: a plate of JIS* C3710 having a plate dimension of 100 mm X 25 O mm 
and a thickness of 50 mm; 

drilling speed : 25 O m/min; 

feed: 0.6 mm/rev; and 
20 depth of a hole: 20 mm. 

In each test of the high-speed wet drilling (using a water-soluble cutting fluid), 
the numbers of holes drilled until the time when the width of flank wear of the cutting 
edge of the end of the drill reached 0.3 mm were counted. The results are listed in Table 
11 to 13. 

25 
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Table 11 









Adhes i on 
bonding layer 




Amorphous carbon based 


lubricant coating 
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substrate 


Set thickness 
(/Jm> 


Set composition 
Cat orai c %) 
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th i cknese 
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diameter 
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TiN 


TiCN 


W 


Ti 


N 


C- 


of 
Ti (C.N& 
orysta 1 
<nm> 


dri 1 1 ins 

(ho 1 es) 




1 


D— 1 


0.5 


~" 




SO 


0. 5 


balance 


3 


13. 7 


B92B 


| 


2 


D— 2 




3.0 


15. O 


16. O 


7.5 


ba lance 


5 


7. 3 




3 




1.0 


1. s 


20.0 


20. 0 


18. O 


ba 1 a nee 


7 


2d. 9 




Of THE INV 




D— 4 




2. 0 


5. O 


2tt 0 


14. 0 


ba 1 enos 


7 


21. 6 


2AOS 


5 


D— 5 


O. 1 


2. & 


10. 0 


15. 0 


4. 5 


balance 


9 


12-7 


2620 




6 




SO 




15. O 


10.0 


0. 1 


balance 


3 


17. 6 


1640 


i 


7 


D-7 


2. o 




lO.O 


15. O 


IO. 5 


ba 1 artce 


6 


15. 3 


3133 


S 


D-8 




1.0 


20. 0 


S.O 


1.5 


ba 1 ance 


13 


G. 7 


3892 


S 


9- 


D~2 


1. 3 


1-0 


10. o 


O, 5 


IO. O 


balance 


5 


5. 0 


9703 


B 


io 


D-5 






40. 0 


4.0 


30.0 


balance 


10 


14.7 


2537 




11 


D-8 


1.5 




10. O 


30.0 


25.0 


balance 


6 


35.9 


3794 



51 
Table 12 









Adhesion 
bond i ng 1 ayer 




Amorphous oarbm based lubricant coat 




NLBifcer 
of 

dri 1 1 ins 

(ho 1 es) 
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Hard metal 
substr ate 


Set th i ckneas 


Sat composition 
(atomic %> 
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of 






n Limber 


TiN 
1 ayer 


TiCN 
layer 


W 


TJ 


Al 


N 


impur i t i &s 


th i ckneae 
ifsnO 


CTl, AO CC r N) 
crystal 
CnnO 




12 


D— 1 


0.5 




5. O 


io. 0 


15.0 


22.5 


bal enoe 


3 


14. 1 


9374 




13 


0—2 


_ 


3, O 


10.0 


10.O 


10.0 


14.0 


balance 


5 


1 6. 4 


95 60 




14 




I.O 


1.5 


15. O 


IO. O 


6. 7 


8.3 


bal a nee 


7 


8. 5 


10112 




15 


0—A 




2.0 


1O,0 


5.0 


8. O 


3 9 


ba 1 arvce 


7 


2ft. 2 


2521 




16 


0-5 


O, 1 


2. 9 


15. O 


7.5 


7.5 


9.0 


fca 1 a nee 


9 


21.4 


2748 




17 


D-6 


3, O 




2O.0 


2.5 


1.6 


0.4 


ba 1 anco 


3 


15.7 


1928 




18 


! D 7 


2. 0 




1E,0 


4.5 


5.5 


4,0 


ba 1 anco 


6 


10. e 


3265 




19 


t>-8 




I.O 


10.0 


5.5 


4. 5 


7.0 


balance 


13 


27.6 
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Adhesion bonding 
layer 


Amor 


phous carbon 


based 1 ubr i cant coat i ng 


Number of 
dri 1 1 Ins 
OholetO 


Type 


Set thickness 
C*/m> 




Set 


compos i t i on 
(atomic %) 


Set 
thickness 








TiN 
layer 


TiCN 
layer 


W 


Ti 


N 


C+ 
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1 
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3 
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m 


2 


D-2 




3 


15 
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5 


4O03 




a 


D-3 


1 


1.5 


20 
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7 
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i 

§ 


4 


0-4 




2 


5 
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7 


962 


5 


D-5 


O. 1 


2. © 


10 
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9 


1074 


LmJ 

i 


6 


D-6 


3 




15 
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3 
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7 


0-7 


2 




10 
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6 
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ft 


D-8 




1 


20 






balance 


13 


1984 
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As described above, coated, hard metal inserts l s 1" to 42, 42" of the invention;, 
coated hard metal end mills 1 to 1 9 of the invention;, and coated hard metal end mills 1 to 
1 9 of the invention as hard metal tools of the invention, and comparative hard metal 
inserts 1, 1 * to 16, 16', comparative coated hard metal end mills 1 to 8, and comparative 
5 hard metal drills 1 to 8, as conventional coated hard metal tools were obtained. In each 
of the above-described coated cutting tools, a composition of an amorphous carbon based 
lubricant coating was analyzed by an Anger electron spectrometer, and a thickness of the 
coating was measured using a scanning electron microscope. As a result, the 
composition and average thickness (average value measured from 5 points in a section) 

1 0 of the coating were substantially similar to the set composition and set thickness. In 
addition, an observation of the texture of the coating using a transmission electron 
microscope showed that the coated hard metal tools of the invention had a texture in 
which fine grained crystals of Ti(C.Jsr) based compounds were dispersively distributed in 
the matrix of a carbon based amorphous material, while the conventional coated hard 

15 metal tools showed a texture composed of a single phase of a carbon based amorphous 
material. 

As shown in the results listed in Tables 3 to 13* in the coated hard metal tools of 
the invention having a texture in which fine grains of crystalline Ti(C ,N) based 
compounds were dispersively distributed in the matrix of a carbon based amorphous 

20 material, each tool showed excellent wear resistance even in the case of high-speed 

cutting of Al alloy, a Cu alloy or a steel* On the other hand, in the conventional coated 
hard metal tools (comparative coated hard metal tool) having an amorphous carbon based 
lubricant coating composed of a single phase texture of carbon based amorphous material, 
the amorphous carbon based lubricant coating obviously showed extremely rapid 

25 progress of wear and reached an end of working lifetime within a relatively short time 
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period under High-speed cutting conditions. 
Example A 

As constituent powders, WO powder, XiC powder, VC powder, TaC powder, 
NbC powder, CraC^ powder, and Co powder, all of which had an average grain diameter 
5 in a range of 0.7 to 3 pm were prepared. These constituent powders were mixed in 
accordance with the compounding ratios presented in table 1 4, and blended under wet 
conditions using a ball mill for 84 hours. After being dried, the mixed powders were 
press-molded into compacts under a pressure of 1 OO MPa. The compacts were held 
under vacuum conditions of 6Pa at a temperature of 1400 0 C for 1 hour so as to be 

1 0 sintered. Thus, materials respectively composed of WC based cemented carbide were 
produced as a raw material for a hard metal substrate for cutting carbon steel, and a raw 
material for a hard metal substrate for cutting Al alloy and Cu alloy. By shaping the 
cutting edges by honing of R:0.03, the above-described raw material for hard metal 
substrate for carbon steel cutting was shaped to hard metal substrates A-l to A-IO having 

15 a geometrical configuration of an insert meeting ISO standard - TNMG 16X340S. By 

grinding the above-described raw materials for hard metal substrates for Al alloy cutting, 
and for Cu alloy cutting were shaped to hard metal substrates A- 1 9 to A-l O' having a 
geometrical configuration of an insert meeting ISO standard: TEGX 160304R. 

In addition, as constituent powders, TiCM powder (TlC/TrK=5O/50 by weight 

20 ration), M02C powder, ZrC powder, NbC powder, TaC powder, WC powder, Co powder 
and Ni powder, all of which had an average grain diameter in a range from 0.5 to 2 |xm 
were prepared ► These constituent powders were mixed in accordance with the 
compounding ratios presented in Table 1 5, and wet blended for 80 hours by a ball mill- 
After being dried, under a pressure of 1 OO MPa, the mixed powder was press-molded into 

25 compacts. The compacts were sintered by being maintained at a temperature:! 5 10 0 C 
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for one 1 hour in a nitrogen atmosphere of 21cFa, Thus* raw materials respectively 
composed of Ti CN-based cermet were produced as a material for a hard metal substrate 
for carbon steel cutting,, and a material for a hard metal substrate for cutting A3 alloy and 
Cu alloy. By shaping the cutting edges by honing of R:0.03, the above-described raw 
5 material for a hard metal substrate for carbon steel cutting was shaped to hard metal 

substrates 13-1 to B-6 each having a geometrical configuration of ab insert meeting ISO 
standard- TlsTMO 160408, By grinding, the above-described raw materials for hard 
metal substrates for Al alloy cutting, and for Cu alloy cutting were shaped to hard metal 
substrates B-l ' to each having a geometrical configuration of an insert meeting ISO 

lO standard- TEGX 160304R. 

Next, the above-described hard metal substrates ofA-1,1 'to A-10,10*, and B-l, 
1" to 6' were subjected to ultrasonic cleaning in an acetone bath. After being dried, 

the hard metal substrates were placed on a rotation table of a deposition apparatus shown 
in FIG. 2 A and 2B such that a plurality of the substrates formed a ring-like arrangement 

1 5 radially distant from the center axis of the table by a predetermined distance, A Ti 
target of purity: 99,6 °A> by weight was placed as a cathode ([evaporation source) of a 
magnetron sputtering device on one side, and a WC target of purity: 99,6 °A> by weight 
was placed as a cathode {evaporation source) of a magnetron sputtering device on the 
opposite side. In addition, at a position orthogonal to the two above-described cathodes, 

20 a Ti-Al alloy target of a predetermined composition was placed as a cathode (evaporation 
source) of a magnetron sputtering device for formation of an adhesion bonding layer 
comprising a (Ti, Al) 3M layer, 

(a) Firstly, while maintaining the interior of the apparatus under a vacuum condition 

of O.Ol Pa, the interior of the apparatus was heated to 200 0 C. After that, an Ar gas was 
25 introduced into the apparatus to obtain an Ar atmosphere of 0.5 Pa. In that state, by 



55 

applying a bias voltage of -810 V, the hard metal substrate revolving and rotating on the 
rotation table were subjected to Ar gas bombardment cleaning; for 20 minutes. 

(b) Next, magnetic coils of all of the magnetron sputtering devices in the apparatus 
were respectively applied with a voltage: SOV and a current: lOA, and a magnetic field 

5 was generated to have a flux density of 1 40G (Gauss) at the placing positions of the hard 
metal substrates. Heating temperature of the interior of the deposition apparatus was 
maintained at 400 0 C In that state* nitrogen and Ar were introduced into the apparatus 
as a reaction gas in a proportion of nitrogen flow rate: 3 OO seem and Ar flow rate; 200 
seem, to obtain a reaction atmosphere of 1 Pa* being composed of a mixed gas of nitrogen 

lO and Ar. In the reaction atmosphere, the cathode (evaporation source) of Ti-Al target 
was applied with an electric power for sputtering of 1 2 k W( frequency: 40JcHz% and the 
above-described hard metal substrates were applied with a bias voltage of -7QV, Under 
that conditions, by the generation of a glow discharge* on the surface of each of the 
above-described hard metal substrates., an adhesion bonding layer composed of a (Ti, 

1 5 Al)N layer having a set thickness listed in Tables 16 and 17 was deposited. 

(c) The above - de scribed magnetic coils were subjected to predetermined conditions 
within a range of electric voltage: 50 to lOOV, and a current; lO to 20 A 5 the magnetic 
flux density at the placing positions of the hard metal substrates was controlled to a 
predetermined value within a range of magnetic flux density : 100 to 300G (Gauss). 

20 While maintaining the interior of the apparatus at a heating temperature of 400 0 C and the 
hard metal substrate being applied with a bias voltage of - 1 00 V, as a reaction gas, C2H2 
(hydrocarbon), nitrogen and Ar were introduced into the apparatus at predetermined flow 
rates within ranges of C2H2 flow rate: 25 to IOO seem, nitrogen flow rate: 200 to 300 
seem, and Ar flow rate: 1 50 to 250 seem to obtain a reaction atmosphere of lPa, being 

25 composed of a mixed gas of resolved gas of C 2 H 2 , nitrogen and Ar. In the 
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above-described pair of magnetron sputtering devices, the cathode (evaporation source) 
of WC target was applied with a predetermined electric power tor sputtering within a 
range of e.g., output: 1 to 3kW(frequency; 40kHz), At the same time, the Ti target was 
applied with a predetermined electric power for sputtering within a range of output: 3 to 
5 8kW(freq;uency: 40kHz). Under the above-described conditions, the substrates were 
deposited with an amorphous cartoon based lubricant coating respectively having a set 
composition and a set layer thickness listed in Table 1 6. By the above-described 
process, inserts 1, 1' to 26, 26' made of surface-coated hard metal of the invention 
(hereafter referred to as coated hard metal inserts of the invention) were produced as 

1 0 coated hard metal tools of the invention. 

In addition, the above-described hard metal substrates of A- 1,1 'to A.- 10,10', and 
B~l, 1 ' to 6* were subjected to ultrasonic cleaning in an acetone bath. After drying, 

the hard metal substrates were placed on a rotation table of a deposition apparatus shown 
in FIG. 3 A and 3B such that a plurality of the substrates formed a ring-like arrangement 

1 5 radially distant from the center axis of the table by a predetermined distance, A Ti~Al 
alloy target of a predetermined composition was placed as a cathode (evaporation source) 
of a magnetron sputtering device on one side, and a WC target of purity: 99,6 % by 
weight was placed as a cathode (evaporation source) of a magnetron sputtering device on 
the opposite side. In addition, at a position orthogonal to the two above-described 

20 cathodes, a Ti target of a purity: 99.9% by weight was placed as a cathode (evaporation 
source) of a magnetron sputtering device for formation of an adhesion bonding layer 
comprising one or both of a Ti layer and a TiCN layer. 

(a) Firstly* while maintaining the interior of the apparatus under a vacuum condition 

of O.Ol Pa, the interior of the apparatus was heated to 200 0 C. After that, an Ar gas was 
25 introduced into the apparatus to obtain an Ar atmosphere of 0-5 Pa. In that state, by 
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applying a bias voltage of -810V, the hard metal substrate revolving and rotating on the 
rotation table were subjected to Ax gas bombardment cleaning for 20 minutes. 

(b) 2SText ? magnetic coils of all of the magnetron sputtering devices of the deposition 
apparatus were respectively applied with a voltage: 50V and a current: 10A, and a 
5 magnetic field was generated to have a flux density of 140G (Gauss) at the placing 
positions of the hard metal substrates. Heating temperature of the interior of the 
deposition apparatus was maintained at 400 0 C. In that state, as a reaction gas„ nitrogen 
and Ar were introduced into the apparatus in a proportion of nitrogen flow rate: 300 seem 
and Ax flow rater 200 seem to obtain a reaction atmosphere of 1 Pa, being composed of a 

1 0 mixed gas of nitrogen and Ar. In the reaction atmosphere, the cathode (evaporation 

source) of 11- Al alloy target was applied with an electric power for sputtering of 1 2kW 
(frequency; 40JcHz)„ and the above-described hard metal substrates were applied with a 
bias voltage of -70V. Under that conditions, by the generation of a glow discharge, on 
the surface of each of the above-described hard metal substrates, an adhesion bonding 

15 layer composed of a (Ti, A1>N layer having a set thickness listed in Tables 16 and 1 7 was 
deposited. 

(c) The above-described magnetic coils were subjected to predeterrnined conditions 

within a range of electric voltage: SO to lOOV, and a current: 10 to 20 A. The magnetic 
flux at the placing positions of the hard metal substrates was controlled to a 

20 predetermined value within a range of magnetic flux: 100 to 300G (Gauss). While 

maintaining the interior of the apparatus at a heating temperature of 400 0 C and the hard 
metal substrate being applied with a bias voltage of -70V, as a reaction gas, 
nitrogen and Ar were introduced into the apparatus at predeteirnined flow rates within 
ranges of C 2 H 2 flow rate: 25 to IOO seem, nitrogen flow rate: 200 to 300 seem, and Ar 

25 flow rate; 150 to 250 seem to obtain a reaction atmosphere of 1 Pa, being composed of a 
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mixed gas of" resolved gas of" C 2 H2 5 nitrogen and Ar. In the above-described pair of 
magnetron sputtering devices., the cathode (evaporation source) ofWC target was applied 
with a predetermined electric power for sputtering within a range of e.g., output: 1 to 
3kW(frequency: 40kHz). At the same time, the Ti-Al alloy target was applied with an 
5 electric power for sputtering within a predetermined range of output: 3 to 

8kW(frequency: 40kHz). Under the above-described conditions, the substrates were 
deposited with lubricant coatings of amorphous carbon respectively having a set 
composition and a set layer thickness listed in Table 17. By the above-described 
process,, inserts 27, 27' to 42., 42* made of surface-coated hard metal of the invention 

1 0 (hereafter referred to as coated hard metal inserts of the invention) were produced as 
coated hard metal tools of the invention. 

In addition, surfaces of the above-described hard metal substrates of A-l 3 1 ? to 
A-l 0,10', and B-l, 1* to 6* were subjected to ultrasonic cleaning in an acetone bath- 

With a purpose to obtain a comparative data, a deposition apparatus shown in FIG. 5A 

15 and 5B was used. The apparatus comprised a counter arrangement of a sputtering 
device equipped with a Ti target as a cathode (evaporation source) and a sputtering 
device equipped with a WC target as a cathode (evaporation source). The hard metal 
substrates were placed on a rotation table in the deposition apparatus such that a plurality 
of the substrates formed a ring-like arrangement with a predetermined radial distance 

20 from the center axis of the table* 

(a) Firstly, while maintaining the interior of the apparatus under a vacuum condition 

of O.Ol Pa by evacuation, the interior of the apparatus was heated to 200 0 C After that, 
an Ar gas was introduced into the apparatus to obtain an Ar atmosphere of 0.5 Pa. In 
that state, by applying a bias voltage of -800V, the hard metal substrate revolving and 

25 rotating on the rotation table were subjected to Ar gas bombardment cleaning for 20 
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minutes. 

(b} Next, heating temperature of the interior of the deposition apparatus was 
maintained at 300 0 C In that state, as a reaction gas, nitrogen and Ar were introduced 
into the apparatus in a proportion of nitrogen flow rate: 200 seem and Ar flow rate: 300 
5 seem to obtain a reaction atmosphere of lPa, toeing composed of a mixed gas of nitrogen 
and Ar. In the reaction atmosphere, the cathode {evaporation source) of the Ti target 
was applied with an electric power for sputtering of 1 2kW(frequency : 40kHz), and the 
above-described hard metal substrates were applied with a bias voltage of -lOOV. 
Under that conditions., by the generation of a glow discharge, on the surface of each of 
1 0 the above-described hard metal substrates* an adhesion bonding layer composed of a TOST 
layer having a set thickness listed in Table 1 8 was deposited. 

<c) Next, while maintaining the interior of the apparatus at a heating temperature of 

200 0 C 3 as a reaction gas, C 2 H 2 and Ar were introduced into the apparatus at 
predetermined flow rates within ranges of C 2 fi 2 flow rate: 40 to SO seem, and Ar flow 

1 5 rate: 250 seem to obtain a reaction atmosphere of lPa, being composed of a mixed gas of 
resolved gas of C2H2 and Ar. At the same time, the above-described hard metal 
substrates were applied with a bias voltage of -20V, and the cathode {evaporation source) 
ofWC target was applied with a predetermined electric power for sputtering within a 
range of output: 4 to 6k W< frequency: 40kHz). Under the above-described conditions, 

20 on the above-described adhesion bonding layers, the substrates were deposited with an 
amorphous carbon based lubricant coating respectively having a set composition and a 
set layer thickness listed in Table 1 8. By the above-described process, comparative 
inserts 1, 1* to 16, 16' made of surface-coated hard metal of the invention were produced 
as conventional coated hard metal tools. 

25 Next, the above-described coated hard metal inserts 1, 1 * to 42, 42' of the 
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invention, and comparative coated hard metal inserts 1 ? 1* to 16, 16* were respectively 
screw-mount c d with a fixture-jig on an end of a bit made of a tool steel, and were applied 
to the following tests of high-speed dry cutting. 

Cutting tests of a carbon steel were carried out under high-speed (compared with 
5 normal cutting speed of 1 20m/min)j dry cutting conditions (cutting condition A) 
comprising: 

workpiece: a round bar of JIS' SIOC; 

cutting speed : 360 m/min; 

depth of cut: 1 ,2 mm; 
lO feed: 0.2 mm/rev; and 

cutting time: 5 minutes. 

Cutting tests of an Al alloy were carried out under high-speed (compared with 
normal cutting speed of 400 m/min), dry cutting conditions (cutting condition B) 
compri sing : 

15 workpiece: a round bar of JIS- .A -5 052; 

cutting speed : 1050 m/min; 

depth of cut: 1.2. mm; 

feed: 0.3 mm/rev; and 

cutting time: 20 minutes. 
20 In addition, cutting tests of an Cu alloy were carried out under high-speed 

(compared with normal cutting speed of 200rn/min), dry cutting conditions (cutting 
condition C) comprising: 

workpiece: a round bar of JIS- C73 1 0; 

cutting speed : 450 m/min; 
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depth of cut: 1 >4 mm; 
feed: 0.27 mm/rev; and 
cutting time: 20 minutes. 

In each of the cutting tests, widths of flank wear of the cutting edge were 
measured. The results of the measurements are listed in Tables 16 to 18. 



Table 14 



Type 


Composition (% by weight) 


Co 


TiC 


TaC 


KbC 


VC 


Cr 3 C 2 


WC 


Sg 


A-1. V 


5 




0. 9 


O. 1 






balance 


A-2. 2" 


5. 5 




1. 6 


0. 2 






balance 


3' 


6 










O. 2 




A-4. 4 J 


6. 5 








0.2 




ba 1 once 


A-5. 5" 


7 








0.2 


0.2 


balance 


A G, 6' 


7. 5 






2 






ba 1 OPoe 


A^7. T 


a 




1 






0.5 


ba 1 a no© 


A-S, 8' 


a. 5 


6 




3 






ba 1 a nee 


A-9, 9' 


a 


1 


1 


1 






ba 1 ancfi 


A-IO, 10' 


9. 5 


1 




1 




0. 5 


balance 
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Table 15 





Type 






Compoa i t i on (% by w 


el ght) 








Co 


Ni 


ZrC 


TaC 


NbC 


HOyO 


wc 


TiCN 




B-1, 


V 


13 


4.5 




10 




10 


15 


ba I ance 


1 


B-2, 


2' 


8 


6 




5 




a 




balanoe 


UJ 


B-3, 


3' 


7 










6 


12 


balanoa 




B-4, 


4" 


10 


4.5 




7 


6 






ba I ance 


B-5, 


5' 


e 


4 


1 


8 




10 


11 


ba I ance 


i 


B-6, 6' 


10 


5. 5 




io 




9.5 


15 


balance 



Table 16 



Type 


Hard metal 
substrate 
number 


Adhesion bonding 
layer 


Amorphous carbon based lubricant coating 


Width of flank wear QmO 


Set 
compos i 1 1 on 
(atomic %) 


Set 


Sat 
compos* ti on 
(atomic %) 


Set 


Grain 
d I ameter 
1 of 

TitG.ro 
baaed 
crystal 
Cnm) 


Cutting 
oondition 
A 


Cutting 
condition 
B 


Cutting 
condition 
0 


Ti 


Al 


N 


thick 
Cx/m) 




Ti 


N 


O* 

impurities 


thick 
(.U m) 


1. 1" 


A-1 . T 


0. 60 


O. 40 


I.OO 


O. 5 


5.0 


20.0 


lO.O 


ba 1 ance 


1.0 


37.8 


O. 22 


0. 15 


O. 15 


2, 2' 


A-2. 2' 


0.55 


O. 45 


I.OO 


2. 0 


10. Oj 


15.0 


7.5 


be 1 ance 


3. 0 


22. 5 


0.2 


O. 13 


0. 12 


3. 3' 


A-3. 3' 


0. 50 


0.50 


1. OO 


3. O 


is. a 


IO. o 


5. O 


balance 


5.0 


21. 5 


0. 18 


O. 11 


0. 11 


4. 4' 


A-4. 4' 


0. 45 


O. 55 


1. 00 


1.5 


20. a 


5. 0 


2.5 


balanoe 


7. 0 


8. 3 


0. 15 


0. 06 


0 08 


5. 5' 


A-5. S" 


0. 40 


0.6O 


1 . OO 


O. 1 


5. 0 


20. 0 


16. O 


balance 


9. O 


a. 1 


0. 25 


O. 17 


O. 17 


6. 6' j 


A-6. 6' 


O. 60 


0. 40 


1.00 


1.0 


IO. o 


15.0 


10.5 


be 1 ance 


13. O 


6. 4 


0. 23 


O. 15 


O. 15 


7. 7' 


A^7, 7' 


0. 55 


0.45 


1. 00 


2.5 


15.0 


IO. O 


ft. 6™ 


ba 1 ance 


3. O 


34. 0 


0.2 


0. 12 


O, 1 


e. B' 


A-8. 8' 


D.50 


0.50 


1. 00 


1.5 


20. Q 


5. O 


0.5 


balance 


5. O 


19.8 


0. 16 


0. Q9 


O. 09 


9. 9' 


A-9. 9" 


0. 46 


O. 65 


I.OO 


2.0 


10. 0 


lO.O 


SO 


ba i ance 


7.0 


17. 2 


O. 14 


0. 06 


0. 08 > 


10. IO' 


A-IO. IO' 


0. 40 


O. 60 


I.OO 


3. 0 


15. 0 


15. O 


1. s 


balance 


9. O 


8. 7 


O. f 


O. 04 


0,04 


11, 11" 


A-1. 1' 


O. 60 


0.40 


1. 00 


2.0 


S.O 


20. 0 


18.0 


balance 


9. 0 


29.5 


0.21 


O. 11 


0.09 


12. 12" 


A-3. 3' 


0.55 


O. 45 


1. 00 


3.0 


lO.O 


30. O 


25. O 


balance 


fi. O 


14. 9 


O. 18 


O. 13 


0. 09 


13. 13" 


A-5. 5' 


0. 50 


0. 50 


1. OO 


1.B 


20. 0 


20. O 


16.5 


ba 1 ance 


4.0 


12.5 


0. 18 


O. 15 


0. 07 


14. 14' 


A-7. 7' 


O. 45 


O. 55 


1.00 


1.0 


IO. 0 


O.S 


IO. 0 


ba 1 ono« 


5.0 


7. 4 


O. 32 


O. 03 


0. 04 


15, 15' 


A-9. 9' 


0. 40 


0.60 


1. OO 


2.5 


40.0 


4.0 


30. O 


balance 


lO.O 


4.8 


O. 07 


0. 19 


0. 23 


16, 16' 


B-1. r 


0. 60 


0.40 


f. 00 


3.0 


5.0 


5.0 


2.5 


balance 


9. 0 


9.4 


0. 12 


O. 06 


0. 05 


17. 17' 


B-2. 2' 


O. 55 


0.45 


1.00 


2.0 


IO. 0 


10. 0 


5.0 


balance 


7.0 


12.7 


0. 14 


0.08 


0.07 


18, 16' 


8-3. 3' 


O. 50 


O. SO 


1. 00 


1.5 


15.0 


15. 0 


7. 5 


balance 


3.0 


27. 1 


O. 17 


O. 1 


0. 11 


19. 19' 


B-4. 4' 


O. 45 


0. 55 


1.00 


1.0 


20, 0 


20.0 


10. 0 


ba 1 ance 


13.0 


7.9 


0.2 


0. 13 


0.13 


20, 20' 


5' 


0.40 


0. GO 


I.OO 


0. 5 


to. 0 


15. 0 


13. 5 


balance 


1. o 


34. 6 


0.24 


0. 16 


0.16 


21. 21" 


B-6. 6' 


0.50 


O. 50 


1.00 


0. 1 


15.0 


10.0 


10. 0 


balance 


5.0 


20. 3 


0.25 


0.17 j 


0. IS 


22, 22' 


B-1. V 


0. 40 


O. 6*Q 


I.OO 


2.5 


5. O 


20. O 


16. O 


balanoe 


9. 0 


16. 4 


0. 18 


O. 1 


0. 11 


23. 23 T 


B-3, 3' 


0. 60 


0.40 


I. OO 


3.0 


10.0 


30.0 


25.0 


balance 


6. O 


8.2 


O. 13 


0. 07 


0.06 


24. 2A- 


B-4. 4' 


O. 55 


0. 45 


1. 00 


2.0 


20,0 


20. 0 


16.5 


balance 


4.0 


22. 1 


O, 19 


O. 14 


0.09 


25. 25- 


B-5. 5' 


0.50 


0.50 


I.OO 


1.5 


lO.O 


0.5 


10. O 


balance 


S.O 


37.4 


O. 25 


O. 04 


0.04 


26, 26' 


B-6. 6' 


0.45 


0.55 


I.OO 


1.0 


40. 0 


4. 0 


30.0 


bal ance 


10.0 


5.8 


0. 08 


0 21 


0.2 



1 

s 



Set thick: Set thickne 
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Table 17 



Type 



Hard metal 
substrate 
number 



Adhesion bonding 
f ayer 



Set 
compos i * i on 
(atomic %) 



Set 
thick 



Amorphous carbon based lubricant coating 



Set composition 
(atomic %) 



C+ 

imptir I ties 



Set 
thick 



Grain 
d i aneter 
of 

CTI.A1) <C, N) 
based 
crystal 
CroO 



Width of 
flank wear (frm) 



Cut 
cond. 
A 



Cut 

oond_ 
B 



Cut 
cond. 
C 



33. 6 



A-2, 2' 



12.0 t2L0 



A-3 P 3' 



1 . OO 



i 



A-5. 5' 



balance 



O, 17 



32. 32' 

33. 33' 



— 35.35' 



§ 



41, 41' 

42. 42' 



A-6, 6' 



A~B, 8' 
A~9, 9' 



B-1. 1' 



8-6, 6' 



0. 40 1 . OO 



10. 0 



5.0 



13.5 



0.5 



3. 7 



Sat thick: Set thickness , Cut cond. : Cutting condtt 



9. 7 



0. 14 



O.OO 



0.05 
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Table 1 8 



=3* 



Type 


Hard matal 
substrate 
number 


Set: 
thickness 
of 

TiN layer 


Amorphous carbon based lubricant coating 


Width of flank wear <pmi> 


Set. composition 
<etomio %) 


Sot 
th 1 cMriess 
C M nO 


Cutting 
cond i t i on 
A 


CuxX i fig 
Cond 1 1 i on 
B 


Cutt i n« 
oond i t i on 

c 


Vf 


T i 


Al 


N 


I ftc>u r j t i es 


1 . 1 ' 


A-1 , r 


0. 5 


6. 0 


_ 




_ 


ba 1 ance 


3. 0 


o. SO 


0. 76 


0. 75 


2, 2' 


A-2. 2' 


2, 0 


lO. 0 


_ 




_ 


ba 1 anoe 


5. 0 


O. 77 


O. 72 


0. 71 


3. 3' 


A-3. 3' 


3. 0 


15. 0 


_ 


_ ■ 




ba 1 ance 


7. O 


0. 73 


0. €9 


0. 68 


4, 4' 


A-4. 4' 


1 . 5 


20.0 








be 1 anoe 


9. 0 


0. 71 


0. 88 


0. 66 


5. 5' 


A-5, 5* 


0. 1 


5. O 








bal ance 


1.0 


O. 63 


0. 78 


j 77 


6. 6* 


A-6 r 6" 


l.O 


10.0 








balance 


3,0 


O. 79 




0. 74 


7. 7' 


A-7, 7' 


2.5 


15. O 








bal ance 


5.0 


O. 76 


0. 72 


O. 72 


a. e* 


A-8. e r 


1.5 


20. O 








bal ance 


7.0 


O. 72 


0. 70 


0. 69 


9, 9* 


A-9. 9' 


z. o 


5. O 








bal ance 


9. O 


0. 69 


O. 67 | 


0. 66 


10. 10* 


A-IO. 1 O* 


3. O 


1Q.O 








bal ance 


13.0 


O, 64 


O. 61 


O. 59 


11. 11* 


B-1. 1" 


3.0 


15. O 








bal anoe 


13. 0 


O. 65 


0. 62 


0. 60 


12, 12 r 


B-2. 2* 


2.0 


20. O 








ba 1 ance 


9. O 


O. 70 


0. 67 


0. 67 


13. 13' 


B-3. 3* 


1.5 


5,0 








bal ance 


7.0 


O. 74 


0. 71 1 


Q. 70 


14, 14' 


B-4. 4' 


1.0 


lO. O 








ba 1 ance 


5.0 


0. 76 


0. 73 


0. 73 


15, 15 r 


B-5, 5- 


0. 5 


15. O 








ba 1 ance 


3. O 


O.BO 


O. 74 


O. 74 


IS, 16" 


B-6, 6' 


0.1 


20. O 








bs 1 anoe 


1.0 


0. 83 


O. 78 


0. 77 



Example 5 

5 As constituent powders, medium to coarse grained WC powder having an 

average grain diameter of 4.2 jam, fine grained WC powder of average grain diameter: 
0.*7 um 3 TaC powder of average grain diameter: 1-2 pm, NbC powder of average grain 
diameter: 1.1 um, ZrC powder of average grain diameter: 1.1 urn* Cr 3 C 2 powder of 
average grain diameter: 1 .6 um, VC powder of average grain diameter: 1-4 j.im, (Ti,W)C 

lO (TiC/WC=50/5C> in weight ratio) powder of average grain diameter: 1.1 urn, and Co 

powder of average grain diameter: 1 .8 urn were prepared. These constituent powders 
were mixed in accordance with the compounding ratios presented in Table 1 9 S added to 
wax and blended for 70 hours in acetone by a ball mill. After vacuum drying the mixed 
powder, the mixed powder was press-molded under a pressure of 1 00 TvfPa into various 

1 5 compacts each of which having a predetermined form. The compacts were sintered 
under conditions including: a vacuum condition of 6Pa , heating the compacts at a 
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Heating rate of 7°C/minute to a predetermined temperature within a range of 1375 to 
1475°C, maintaining the compacts at that predetermined temperature for 1 hour, and 
furnace cooling the compacts. Tims, three types of round bar sintered bodies for 
forming a hard metal substrate, respectively having a diameter of S mm, 13 mm, or 26 
5 mm were formed. By grinding the three types of sintered round bars, hard metal 

substrates (end mill) C-l to C-8 were produced so as to have a four edge square form 
with an angle of torsion of 30°, and diameter x length of the cutting edge of 6 minx 13 
mm, lO mmx22 mm, or 20 mm><45 mm. 

Next, these hard metal substrates (end mills) C-l to C-8 were subjected to 

lO ultrasonic cleaning in an acetone bath. After drying,, the hard metal substrates were 
placed in a deposition apparatus shown in FIGS. 2A and 2B or in FIGS. 3A and 3B. 
Under the same conditions as Example 4„ a (Ti, Al)N layer having a set layer thickness 
shown in Tables 20 and 21, and an amorphous carbon based lubricant coating having a 
set composition and thickness shown in Tables 20 and 21 were deposited* By the 

1 5 above-described process, end mills 1 to 1 9 made of surface-coated hard metal of the 
invention (hereafter referred to as coated hard metal end mill of the invention) were 
produced as coated hard metal tools of the invention. 

In addition, as a comparative example, the above-described hard metal 
substrates (end mills) C-l to C-8 were subjected to ultrasonic cleaning in an acetone bath. 

20 After drying, the hard metal substrates were placed in a deposition apparatus shown in 
FIGS. 5 A and 5B, under the same conditions as Example 4, one or both of the TiN layer 
and HCN layer, having a set layer thickness shown in Table 22, and an amorphous 
carbon based lubricant coating having a set composition and thickness shown in Table 22 
were deposited ► By the above-described process, comparative end mills 1 to 8, made of 

25 surface-coated hard metal (hereafter referred to as comparative coated hard metal end 
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mill) were produced as conventional coated hard metal tools. 

JSText, the above-described coated hard metal end mills 1 to 19 of" the invention, 
and comparative coated hard metal end mills 1 to 8 were applied to tests of" high-speed 
dry side Cutting. 

Trie coated hard metal end mills 1 to 3, 9„ 12 to 14 of the invention, and 
comparative coated hard metal end mills 1 to 3 were applied to high-speed (compared 
with normal speed of" 1 SO m/min), dry side-cutting of an A.1 alloy under conditions 
comprising : 

workpiece: a plate of J1S* having a plate dimension of 100 mm X 250 mm 

and a thiclcness of 50 mm; 

cutting speed : 320m/min; 

depth of cut in the axial direction: 4, 5 mm; 
depth of cut in the radial direction: 0.7 mm; 
table feed: 23 50 mm/minute. 

The coated hard metal end mills 4 to 6, 10, 15 to 17 of the invention, and 
comparative coated hard metal end mills 4 to 6 were applied to high-speed (compared 
with normal speed of 1 SO m/rnin}, dry side - cutting of a Cu alloy under conditions 
comprising: 

workpiece: a plate of JIS- C371 0 having a plate dimension of 100 mm X 250 mm 
and a thickness of 50 mm; 

cutting speed : 320 rn/min; 
depth of cut in the axial direction: 6.5 mm ^ 
depth of cut in the radial direction: 1.2 mm; 
table feed: 2185 mm/minute. 

The coated hard metal end mills 7 9 8, 11, 18 and 19 of the invention, and 



67 

comparative coated hard metal end mills 7 and 8 -were applied to high-speed (compared 
with normal speed of 200m/min) ? wet side-cutting of a carbon steel under conditions 
comprising; 

workpiece: a plate of JIS- SlOC having a plate dimension of 1O0 mm X 250 mm 
5 and a thickness of SO mm; 

cutting speed - 365 m/min; 

depth of cut in the axial direction: 8.0 mm; 

depth of cut in the radial direction: 2.0 mm; 

table feed: 2140 rrtm/rnimite. 
lO In each test of side-cutting, length of cut by the end mill until a working lifetime 

of the end mall was measured, In each case 3 the end mill was regarded to reach its 
lifetime when a width of flank wear of a peripheral edge of a cutting edge of The end mill 
reached O.l mm. The results of the measurements are listed in Tables 20 to 22. 
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Table 19 



Type 


Composition (% by weight) 


Di ameter x | engtft 
of cutting edge 
Cmn) 


Co 


cn. w>c 


TaC 


NbC 


ZrC 




vc 


WC 




i 

i 
1 

I 


■ 


C J 


5 






1 








"fins grain; balance 


6x13 


C-2 


6 






1. 5 








fine grain: balance 




C-3 


5 




O.S 






0.3 


0.3 


f Ina grain: balance 


6x13 i 


C-4 


6.5 










0.4 




fine grain: balance 


10x22 ! 


G-5 


7 






5 








medJun-coarea .grain: 
ba 1 anoe 


10x22 


c-e 


7. 5 












0.4 


-fine grain: balance 


10x22 




C-7 


8 


20 




5 








medium— ooareft grain: 
balanoe 


ZOX45 


c-s 


9 


9 


1J 


0. 2 


1 






mediuu-ooarBo grain: 
balance 


20x45 



Table 20 



Type 


Hard metal 
substrate 
nunber 


Adhes i on bond i ng 1 ay er 


Amorphous carbon based lubricant coating 


Gutting 
length 

<m> 


Set 
Compos ition 
([atomic *) 


Set 


Set composition 
(atomic %) 


Set 
thickness 


Grain 
d i ameter 

of 
TI CC.N) 
baaed 
cry eta 1 
<nm> 


Ti 


Al 


N 


thickness 
Cum) 


W 


Ti 


N 


inpur ( tl*s 


m 

i 

— g 
I 

I 
a 
1 


i 


C-1 


0.40 


0. GO 


1.00 


O.B 


20.0 


20.0 


10. O 


ba 1 ance 


S 


10. 6 


231 


2 


C-2 


O. 45 


0. 55 


1.00 


0. 1 


10.0 


15.0 


13.5 


ba 1 ance 


3 


15_ 3 


195 


3 


C-3 


0.50 


0. 50 


1. oo 


1.0 


5.0 


SO 


1.0 


ba 1 anoe 


5 


11.2 


242 


4 


C-4 


0.55 


0.4^ 


1. oo 


1.0 


5. O 


5. O 


0. 5 


balance 


7 


25_4 


247 


S 


0-5 


0. 60 


0. 40 


1. oo 


1.5 


IO. 0 


lO.O 


5.0 


ba 1 ance 


a 


15. 9 


273 


6 


0-6 


0.45 


O. 55 


1- 00 


2. 0 


20.0 


20. O 


18. O 


balance 


7 [ 


32.7 j 


229 


7 


0-7 


0. 50 


O. SO 


1.00 


3.0 


15. O 


15.0 


10. 0 


balanoe 


11 


16. 3 


99 


6 


o-e 


0. 55 


0.45 


1.00 


2.5 


10.0 


IO. 0 


2. 5 


balanoe 


13 


7.2 


95 


9 


C-l 


45 


0.55 


i. oo 


1. o 


to.o 


0.5 


lO.O 


baf ance 


6 


5.3 


249 


io 




0. 40 


0. 60 


1. 00 


2.5 


40. O 


4. O 


30. 0 


balance 


10 


27.7 


238 


11 


C-7 


0. 55 


0. 45 


1. oo 


3. 0 


IO. o 


30.0 


25.0 


ba 1 anoe 


6 


37.3 


34 
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Table 21 



Type 


Hard metal 
substrate 
number 


Adhesion bonding layer 


Amorphous carbon based lubricant coating 




Set composition 
(atomic 96) 




Set ccsnpositiOtt 
(atomic X) 




Grain 
diameter 
of 

cri,An <c. N) 

crystal 
CrwO 


Cutt i ng: 
length 

OiO 


Ti 


Al 


N 


Set 
thickness 


W 




Al 


M 


0+ 

impur i t i es 


Set 
thickness 


m 
g 


12 




0.40 


O. 60 


1. oo 


0.5 


10. O 


10. O 


6.7 


1E.0 


balance 


S 


14. 8 




13 




0, 45 


O. 55 


1. OO 


| O. 1 


20.0 


io. O 


10. 0 


1$. o 


ba 1 a nee 


3 


10.4 




14 


0—3 


0. SO 


O. SO 


1. 00 


1.0 


S.O 


lO.O 


15.0 


22. 5 


balance 


5 


33.2 




15 


C-4 


0. 55 


O. 45 


1.00 


1.0 


10. o 


so 


8. 0 


8. 5 


bal once 


7 


13. a 


268 


16 


0-5 


0. 60 


O.40 


1. 00 


1.5 


20. D 


7.5 


7. 5 


4.5 


balance 


9 


7.* 


293 


17 


C-6 


0. 45 


0.55 


1 . oo 


2.0 


5.0 


2.S 


1. 6 


0.4 


ba 1 a nee 


7 


19.5 


245 


18 


C-7 


0. 50 


0.50 


1. 00 


30 


10. O 


4.5 


5. O 


O. 7 


balance 


11 


12.7 


92 


19 


C-8 


O, 55 


0.45 


I.OO 


2.5 


15.0 


5.5 


4.5 


0. 6 


balance 


13 


12.2 


102 



Table 22 



Type 


Hard matal 
substrata 
nuober 


Set 
thi cknes* 
of 

TiN layer 
C^m) 


Amorphous carbon based lubricant coating 


Cutting 
length 


Set ooti*)QS»tion 
(atomlo 3D 


Set 
th i ckness 
<*im> 


W 


TI 


Al 


N 


C- 

impur ities 


B 

3 


1 


0-1 


0. 5 


IO 








ba lance 


5 


B3 


2 


C-2 


O. 1 


20 








balance 


3 


74 


3 


C-3 


1 


5 








ba 1 anoe 


5 


as 


4 


C-4 


1 


10 








ba 1 ance 


7 


93 


6 


C-5 


1. 5 


20 








balance 


9 


102 


6 


C-fi 


2 


5 








ba 1 ance 


7 


86 


7 


C-7 


3 


10 








ba 1 ance 


11 


37 


8 


c-a 


2. 5 


15 








balance 


13 


41 



70 



Example 6 

Using the three types of round bar sintered body being produced in the 
above-described Example 5 and having a diameter of 8 mm (tor forming hard metal 
5 substrates Ol to C-3), 13 mm (for forming hard metal substrates C-4 to C-6), or 26 mm 
(for forming hard metal substrates C-7 and OS), hard metal substrates (drills) D-l to D-S 
were produced by grinding the round bars. Each of the hard metal substrates had a two 
edge form with an angle of torsion of30 0 » and a diameter* length of a flute forming 
portion of 4 mmx 13 mm (hard metal substrates r>-l to D-3)* 8 mmx 22 mm (hard metal 

10 substrates 0-4 to D-6), and 16 mm* 45 mm (hard metal substrates D-7 and E>-8>. 

Next, cutting edges of the hard metal substrates (drills) D-l to D-S were 
subjected to honing. The hard metal substrates were subjected to ultrasonic cleaning in 
an acetone bath. After drying, the hard metal substrates were placed in the deposition 
apparatus shown in FIGS. 2A and 2B or FIGS. 3A and 3B. Under the same conditions 

15 as the above-described Example 4, a (1% Al)N layer having a set layer thickness shown 
in Tables 23 and 24, and an amorphous carbon based lubricant coating having a set 
composition and thickness shown in Tables 23 and 24 were deposited. By the 
above-described process, drills 1 to 1 9 made of surface- coated hard metal of the 
invention (hereafter referred to as coated hard metal drills of the invention) were 

20 produced as coated hard metal tools of the invention- 

In addition, as a comparative example, cutting edges of the hard metal substrates 
(drills) O-l to T>-8 were subjected to honing. The above-described hard metal 
substrates were subjected to ultrasonic cleaning in an acetone bath- After drying, the 
hard metal substrates were placed in a deposition apparatus shown in FIGS- 5A and 5B, 

25 under the same conditions as Example 4, a TOST layer having a set layer thickness shown 
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in Table 25, and an amorphous carbon based lubricant coating having a set composition 
and thickness shown in Table 25 were deposited. By the above-described process,, 
comparative drills 1 to 8, made of surface- coated hard metal (hereafter referred to as 
comparative coated hard metal drills) were produced as conventional coated hard metal 
5 tools. 

Next, the above-described coated hard metal drills 1 to 1 9 of the invention, and 
comparative coated hard metal drills 1 to 8 were applied to tests of high-speed wet 
drilling. 

The coated hard metal drills 1 to 3, 9, 12 to 14 of the invention, and comparative 
10 coated hard metal drills 1 to 3 were applied to tests of high-speed (compared with normal 
speed of 120 m/min) wet drilling of an Al alloy under conditions comprising: 

workpiece: a plate of JIS- A5052 having a plate dimension of 1 OO mm X 250 mm 
and a thickness of 50 mm; 

drilling speed : 290 m/rnin; 
1 5 feed: 0,4 mm/rev; and 

depth of a hole: 6 mm. 

The coated hard metal drills 4 to 6, 10, 15 to 17 of the invention, and 
comparative coated hard metal drills 4 to 6 were applied to tests of high-speed (compared 
with normal speed of 1 10 xn/min) wet drilling of a carbon steel under conditions 
20 comprising: 

workpiece: a plate of JIS- S10C having a plate dimension of 100 nun X 250 mm 
and a thickness of 50 mm; 

drilling speed : 265 m/min; 
feed: 0.5 mm/rev; and 
25 depth of a hole: 12 mm. 
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The coated hard metal drills 7, 8, 11, 18 and 19 of the invention, and 
comparative coated hard metal drills 7 and 8 were applied to tests of" high-speed 
(compared with normal speed of 1 10m/min) 4 wet drilling of a Cu alloy under conditions 
compri sing: 

5 workpiece: a plate of JIS- C3710 having a plate dimension of 100 mm X 250 mm 

and a thickness of 50 mm; 

drilling speed : 265 m/min; 
feed: C6 mm/rev; and 
depth of a hole: 20 mm, 
10 In each test of the high-speed wet drilling (using a water-soluble cutting fluid), 

the numbers of holes drilled until the time when the width of flank wear of the cutting 
edge of the end of the drill reached 0.3 mm were counted. The results are listed in Table 
23 to 25. 
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Table 23 



Type 


Hard metal 
substrate 
number 


Adhesion bonding layer 


Amorphous carbon based lubricant ooating 




oo 

Ce 


S*t 
mposi tion 
l taenia %) 


Set 


Set compos i 1 1 on 
(atomic %> 


Set 


Grain 
diameter 

of 
Ti CO. N) 
baaed 
crysta 1 
Cnm> 


Number 
of 
drill! ng 
(ho 1 es) 


Ti 


Al 


N 


th i ckneas 




Ti 


N 


impuri tie* 


thickness 
(Ji m) 


as 
1 

i ; > 

fe 
=! 

1 


1 


D-1 


0, 45 


O. 55 


1. OO 


0. 1 


5. 0 


5.0 


O. 5 


balance 


i 3.0 


16. 5 


93 05 


2 


□-2 


0. 55 


0.45 


1. OO 


3. 0 


15.0 


15.0 


7.5 


balance 


5.0 


10.4 


9734 


3 


0-3 


O. GO 


O. 50 


1. OO 


t. O 


20. O 


20.0 


18. O 


ba f a nee 


7.0 


31. 5 


10IS2 


4 


D-4 


O. SO 


O. 40 


1. OO 


1.5 


5.0 


20. 0 


14. O 


ba I ance 


9.0 


24. 7 


2641 


5 


D-5 


0.40 


O. 60 


1 . OO 


2. 0 


10.0 


15. 0 


4. 5 


balance 


6. O 


15. 2 


2001 


6 


I> 6 


0. 50 


0. 50 


1. OO 


2.5 


15. O 


TO.O 


0. 1 


ba 1 ance 


9.0 


18, B 


2795 


7 


D-7 


0. 55 


0. 45 


1. OO 


0.5 


10. O 


15. O 


10. 5 


ba 1 ance 


13. O 


18 5 


4218 


3 


D-a 


0.45 


O. 55 


1. OO 


1.6 


20. 0 


5. O 


1.5 


ba 1 ance 


11. O 


9.2 


. 3875 


9 


□-2 


0. 55 


0.45 


1. OO 


3.0 


10.0 


OS 


10.0 


bal ance 


5 


9.3 


10095 


10 


D-5 


O. GO 


O. 40 


1. OO 


1.5 


40. 0 


4.0 


30. 0 


ba 1 ance 


io 


16.5 


2836 


11 


D-8 


O. 50 


0 . SO 


1 OO 


2.5 


10. o 


3O.0 


25.0 


ba 1 anca 


6 


34. 1 


3804 
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Table 24 



Type 


Hard metal 
substrate 
number 


Adhesion bonding layer 


\ Amorphous carbon based lubrloant coating 




Set compos 1 t i on 
(atomic %y 




Set compos 1 1 i on 
(atomic %) 




Grain 
d i ameter 
of 

CTi. Al) <CN) 
based 
cryata 1 
<nro> 


Number of 
dr M 1 ing 
(holes} 


Ti 


Al 


N 


1 Set 
C fi m) 


K 


Ti 


Al 


N 


Impurities 


Sat 
thi oknass 
C u ra) 


s 

1 1 1 

a 

5 


12 




0. 46 


0. 55 


1.00 


O. 1 


5. 0 


10.0 


15. O 


22. 5 


ba 1 anoe 


3. 0 


13, 8 




13 




0. 55 


0. 45 


1. oo 


3.0 


10. O 


lO.O 


10. O 


14. 0 


balance 


5.0 


10. 4 


10470 


14 




0. 50 


O. SO 


1. 00 


1.0 


15. O 


10. O 


6.7 


8.3 


ba i a nee 


7.0 


7.6 




IS 


D— 4 


0. SO 


0. 40 


I. 00 


1.5 


10. O 


5.0 


6.0 


3. 9 


ba 1 snce 


9.0 


26. 4 


2838 


16 


D-5 


0. 40 


O. 60 


I.OO 


2. 0 


15, O 


7.5 


7.5 


9.0 


balance 


6. O 


20.9 


2154 


17 


D-6 


0. SO 


0.50 


1.0O 


2.5 


20. 0 


2. B 


1. 6 


O. 4 


balanoe 


9.0 


15.3 


3094 


18 


D-7 


O. 55 


0. 45 


I.OO 


O. 5 


15.0 


4.5 


5. S 


4.0 


balance 


13. 0 


9.6 


4545 


19 


D-8 


0.45 


0, 55 


1. 00 


l.G 


10. 0 


5.5 


4.5 


7. O 


ba i ance 


11.0 


30. Z 


4198 



Table 25 



Type 


Hard metal 
substrate 
number 


Set 
thickness 
Of 

TIN layer 

(*<n0 


A»norphous carbon baaed lubrioant coat ins 


Nixaber of 
dr ■ 11 ins 
(holes) 


Set compos j t i on 
(atomic X) 


Set 
thickness 


m 


Ti 


At 


N 


G*- 

impurtties 


S 
I 

s 

11 1 

! 
i 


i 


D-1 


0. 1 


5 








balance 


3 


401 5 


2 


D-2 


3 


io 








ba 1 ance 


5 


4293 


3 


D-3 


1 


15 








balance 


7 


4649 


4 


D-4 


1.5 


10 








balance 


9 


1163 


5 


D-5 


2 


15 








balance 


6 


856 


6 


D-6 


2.5 


20 








ba 1 ance 


9 


1284 


7 


D-7 


0. 5 


15 








balance 


13 


2185 


a 


D-8 


1.5 


IO 










1 1 


1769 



As described above, coated hard metal inserts 1, 1 ' to 42, 42* of the invention. 
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coated hard metal end mills 1 to 1 9 of the invention, and coated hard metal drills 1 to 1 9 
of the invention as hard metal tools of" the invention, and comparative hard metal inserts 
1, 1 * to 16, 16% comparative coated hard metal end mills 1 to 8, and comparative hard 
metal drills 1 to 8, as conventional coated hard metal tools were obtained* The adhesion 
5 bonding layer and the amorphous carbon based lubricant coating of" each of the 

above-described coated carbide tools were subjected to analysis of composition by an 
Auger electron spectrometer and measurement of thickness using a scanning electron 
microscope. As a result, the composition and average thickness (average value 
measured from 5 points in a section) of the adhesion bonding layer and the coating were 

lO substantially similar to the set composition and set thickness. In addition, under an 
observation of a texture of the coating using a transmission electron microscope, the 
coated hard metal tools of the invention showed a texture of the coating in which fine 
crystalline grains of TI-Al (C^N) were dispersively distributer! in the matrix of a carbon 
based amorphous material, while the conventional coated hard metal tool showed a 

1 5 texture of the coating composed of a single phase of a carbon based amorphous material. 

As shown in the results listed in Tables 16 to 25, in the coated hard metal tools 
of the invention having a texture in which fine crystalline grains of H-Al (G^N) were 
dispersively distributed in the matrix of a carbon based amorphous material, each tool 
showed excellent wear resistance even in the case of high-speed cutting of Al alloy^ a Cu 

ZO alloy or a steel. On the other hand, in the conventional coated hard metal tool 

(comparative coated hard metal tool) having an amorphous carbon based lubricant 
coating composed of a single phase texture of carbon based amorphous material, the 
amorphous carbon based lubricant coating obviously showed extremely rapid progress of 
wear and reached the end of its working lifetime within a relatively short time period 

25 under high-speed cutting conditions. 



Example 7 

As constituent powders, WC powder, TiC powder, ZrC powder, VC powder, 
TaC powder, lSTbC powder, Cr^C2 powder, TiN powder, TaN powder and Co powder all 
of which had an average grain diameter of" 1 to 3 um were prepared. These constituent 
5 powders were mixed in accordance with the compounding ratios presented in table 26, 
and wet blended for 60 hours by a ball mill. After drying the minted powder, under a 
pressure of 100 MPa, the mixed powder was press-molded into a compact. The 
compacts were sintered by being maintained at a temperature: 1400 0 C for one 1 hour in a 
vacuum condition of 6Pa. After the sintering, by grinding the compacts,, hard metal 

lO substrates A-l to A-IO made of WC based cemented carbide,, all of which having a 
geometric configuration of a insert meeting ISO standard: 1603O4R were produced. 

In addition, as constituent powders, TiCNT powder (HC/TiN- 50/50 by weight 
ration), M02C powder, ZrC powder, NbC powder, TaC powder, WC powder, Co powder 
and Mi powder, all of which had an average grain diameter in a range from C5 to 2 um 

1 5 were prepared. These constituent powders were mixed in accordance with the 

compounding ratios presented in table 27, wet blended for 48 hours by a ball mill. 
After drying the mixed powder, under a pressure of 1 OO MPa, the mixed powder was 
press -molded into compacts. The compacts were sintered by being maintained at a 
temperature: 1 5 00 0 C for one 1 hour in a nitrogen atmosphere of 2kPa. After the 

20 sintering, by grinding the compacts, hard metal substrates B-l to 3-6 made of a 

TiCN-based hard metal, all of which having a geometric configuration of an insert 
meeting ISO standard: TEGX 1 60304R. were produced. 

(a) Next, an arc ion plating apparatus shown in FIGS. 4A and 4B was prepared. A 

rotation table for placing a hard metal substrate was provided in the center of the 
25 apparatus. On both sides of the rotation table > a Ai-Ti alloy having a relatively high Al 
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(low Ti) content was placed on one side, and a Ti-Al alloy having a relatively high Ti 
(low Al) content was placed on the opposite side as cathodes (evaporation sources). In 
addition;, at the positions rotated from both of the cathodes by 90°, metallic Cr was placed 
as a cathode (evaporation source). After ultrasonic cleaning of the above-described 
5 hard metal substrates A-l to A*-l 0 and 3-1 to B-6 in the acetone, and drying the 

substrates^ on the rotation table., on radial positions distant from the central axis of the 
table, the hard metal substrates were placed so as to form an arrangement aligned with 
the periphery. 

(b) Firstly, while maintaining the interior of the apparatus under a vacuum condition 

lO of Chi Pa by evacuation, the interior of the apparatus was heated to 500 0 C. After that, 

the hard metal substrates revolving and rotating on the rotation table were applied with a 
r>C bias voltage of - 1 OOO V. In addition* electric current of 1 OOA was generated between 
the metallic Cr placed as a cathode and an anode for causing arc discharge and cleaning 
the surfaces of the hard metal substrates by metallic Cr bombardments. 

15 (c) Next, by introducing nitrogen gas into the apparatus as a reaction gas, a reaction 

atmosphere of 3Pa was obtained. The hard metal substrates revolving and rotating on 
the rotation table were applied with a L>C bias voltage of -70 V. In that state* arc 
discharge was generated between the two respective cathodes (a Ti-Al alloy for forming 
the portion of maximum Ti content, and an AI-Ti alloy for forming the portion of 

20 maximum Al content) in counter arrangement and the anode, thereby a lower layer of a 
surface coating was deposited on a surface of respective substrates. Bach lower layer 
was formed as a (Al/Ti)N layer having a set thickness shown in Tables 28 and 29 and 
variable composition structure in which portions of maximum Ti content and portions of 
maximum Al content existed with set compositions shown in Tables 28 and 29 alternately 

25 and repeatedly with a designated interval shown in Tables 2S and 29, and the Al and Ti 
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content changed continuously from the portion of maximum Ti content to the portion of 
maximum Al content, and from the portion of maximum Al content to the portion of 
maximum Xi content. 

(d) Next, the hard metal substrates were placed on a rotation table of a deposition 
5 apparatus which was, as shown in FIG. 2A and 2B, equipped with a Xi target and a WC 
target in counter arrangement with the rotation table in-between. In the apparatus, a Xi 
target of purity: 99. 6^0 by weight was placed as a cathode (evaporation source) of a 
magnetron sputtering device on one side, and a WC target of purity: 99-6% by weight 
was placed as a cathode (evaporation source) of a magnetron sputtering device on the 

10 opposite side. The hard metal substrates were placed on the rotation table such that a 
plurality of the substrates formed a ring-like arrangement with a predetermined radial 
distance from the center axis of the table. 

(e) Magnetic coils were subjected to predetermined conditions within a range of 
electric voltage: SO to 1 0OV, and a current: 1 0 to 20 A- The magnetic flux density at the 

1 5 placing positions of the hard metal substrates was controlled to a predetermined value 
within a range of magnetic flux density : 1 00 to 300G (Gauss). In that state, while 
maintaining the interior of the apparatus at a heating temperature of 400 0 C and the hard 
metal substrate being applied with a bias voltage of -lOOV, as a reaction gas T C2H2 
(hydrocarbon), nitrogen and Ar were introduced into the apparatus at predetermined flow 

20 rates within ranges of C 2 H 2 flow rate: 25 to 10O seem, nitrogen flow rale: 200 to 300 
seem, and Ar flow rate: 1 50 to 250 seem to obtain a reaction atmosphere of lPa, being 
composed of a mixed gas of resolved gas of C2H2, nitrogen and Ar. In the 
above-described pair of magnetron sputtering devices* the cathode (evaporation source) 
of WC target was applied with a predetermined electric power for sputtering within a 

25 range of e.g., output: 1 to 3kW(frequency: 40J<Hz)- At the same time, the Xi target was 
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applied with a predetermined electric power for sputtering within a range of" output: 3 to 
8k:W(:rrequency: 40kHz). Under the above-described conditions, the substrates were 
deposited with an amorphous carbon based lubricant coating respectively having a set 
composition and a set layer thickness listed in Table 28 as upper layers. By the 
5 above-described process, inserts lto 26 made of surface- coated hard metal of the 
invention (hereafter referred to as coated hard metal inserts of the invention) were 
produced as coated hard metal tools of the invention. 

(f) Moreover, as an alternative to the apparatus explained in the above-description 
of (d), a deposition apparatus shown in FIGS. 3 A and 313 was used for deposition of 

lO amorphous carbon based lubricant coating on the hard metal substrates provided with 
lower layers as in the above-description of (c). In the apparatus, with a rotation table 
in-between, a Ti-Al alloy target was placed on one side as a cathode (evaporation source) 
of a magnetron sputtering device, and a WC target of purity: 99.6 % by weight was 
placed on the opposite side as a cathode (evaporation source) of a magnetron sputtering 

15 device* The hard metal substrates were placed on the rotation table such that a plurality 
of the substrates formed a ring-like arrangement with a predeterrnined radial distance 
from the center axis of the table. 

(g) Magnetic coils were subjected to predetermined conditions within a range of 
electric voltage: 50 to lOOV, and a current: lO to 20 A. The magnetic flux density at the 

20 placing positions of the hard metal substrates was controlled to a predetermined value 
within a range of magnetic flux density : 100 to 300O (Gauss). In that state, while 
maintaining the interior of the apparatus at a beating temperature of 400 0 C and the hard 
metal substrate being applied with a bias voltage of -1 00 V, as a reaction gas„ C 2 H 2 
(hydrocarbon), nitrogen and Ar were introduced into the apparatus at predetermined flow 

25 rates within ranges of C 2 H 2 flow rate: 25 to 100 seem, nitrogen flow rate: 200 to 300 
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seem, and Ar flow rate: 1 50 to 250 seem to obtain a reaction atmosphere of lPa, being 
composed of a mixed gas of resolved gas of C 2 H 2 „ nitrogen and Ar. In the 
above-described pair of magnetron sputtering devices, the cathode (evaporation source) 
ofWC target was applied with a predetermined electric power for sputtering within a 
5 range of e.g., output: 1 to 3kW(frequenCy: 40kHz). At the same time, the Ti target was 
applied with a predetermined electric power for sputtering within a range of output: 3 to 
8 k.W(frequency : 40kHz). Under the above-described conditions, the substrates were 
deposited with an amorphous carbon based lubricant coating respectively having a set 
composition and a set layer thickness listed in Table 29 as upper layers- By the 
lO above-described process, inserts 27 to 42 made of surface-coated hard metal of the 
invention (hereafter referred to as coated hard metal inserts of the invention) were 
produced as coated hard metal tools of the invention. 

(a) In addition, with a purpose to obtain comparative data, a deposition apparatus 
shown in FIG. 6 was used for producing comparative coated cutting tools as follows. 

1 5 The apparatus was provided with an arc discharge device equipped with a Ti-Al alloy of 
a predetermined composition as a cathode (evaporation source) and a sputtering device 
equipped with a WC target as cathode (evaporation source)- Surfaces of the 
above-described hard metal substrates of A-lto A-10„ and B-l to B-6 were subjected to 
ultrasonic cleaning in an acetone bath. After that, at a dried state, the hard metal 

20 substrates were placed in the deposition apparatus. 

(b) Firstly, while maintaining the interior of the apparatus under a vacuum 
condition of 0.1 Fa by evacuation, the interior of the apparatus was heated to 500 0 C. 
After that, the hard metal substrates revolving and rotating on the rotation table were 
applied with a direct current bias voltage of - 1 000 V, In addition, electric current of 

25 1O0A was generated between the Ti-Al alloy as a cathode and an anode, thereby causing 
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arc discharge and cleaning the surfaces of the hard metal substrates by bombardments of" 
Ti-Al alloy- 

(c) Next, by introducing nitrogen gas into the apparatus as a reaction gas, reaction 
atmosphere of 3 Pa was obtained- In addition, the bias voltage impressed to the hard 
5 metal substrates were reduced to - 1 OOV. In that state, an arc discharge was generated 

between the cathodes of Ti-Al alloy and an anode, thereby depositing (Ti„ Al) N layer of 
set thickness shown in Table 30 as a lower layer of a surface coating on a surface of 
respective hard metal substrates A-l to A-IO and B-l to B-6. 

(d) Next, while maintaining the interior of the apparatus at a heating temperature of 

1 0 200 0 C, C2H2 and Ar were introduced into the apparatus at predetermined flow rates 

within ranges of C2H2 flow rate: 40 to SO seem, and Ar flow rate: 250 seem to obtain a 
reaction atmosphere of lPa, being composed of a mixed gas of resolved gas of C 2 H 2 , 
nitrogen and Ar. At the same time, the above-described hard metal substrates were 
applied with a bias voltage of -20V, and the cathode (evaporation source) ofWC target 

15 was applied with a predetermined electric power for sputtering within a range of e.g., 

output: 4- to 6 k: W (frequency: 40kHz). At the same time,, the Ti target was applied with 
a predetermined electric power for sputtering within a range of output: 4 to 
6k W (frequency: 40kHz). Under the above-described conditions* on the lower layer of 
the hard metal substrates, amorphous carbon based lubricant coating respectively having 

20 a set composition and a set layer thickness listed in Table 30 were deposited as upper 
layers. By the above-described process, comparative inserts lto 16 made of 
surface-coated hard metal (hereafter referred to as comparative coated hard metal inserts) 
were produced as conventional coated hard metal tools. 

Next, the above- described coated inserts were respectively screw-mounted with 

25 a fixture-jig on an end of a bit made of a tool steel. At that state, coated inserts 1-42 of 
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the invention and comparative coated inserts 1-16 were applied to the following tests of 
high-speed dry cutting. 

Cutting tests of" an Al alloy were carried out under continuous high-speed, high 
slitting* dry cutting conditions (cutting condition A.) comprising (compared with normal 
5 cutting speed arid depth of cut of 400 m/min and 2 mm): 

workpiece: a round bar of JIS- A50S2; 

cutting speed : 800 m/min; 

depth of cut: 7.3 mm; 

feed: 0. 1 mm/rev; and 
lO cutting time: 20 minutes. 

Cutting tests of an Cu alloy were carried out under continuous high-speed, high 
slitting, dry cutting conditions (cutting condition B) comprising (compared with normal 
cutting speed and depth of cut of 200m/min, 2mm ): 

workpiece: a round oar of JIS* C3710; 
1 5 cutting speed : 3 SO m/min; 

depth of cut: 6.8 mm; 

feed: O.l 3 mnVrev; and 

cutting time: 20 minutes. 

In addition* cutting tests of an Ti alloy were carried out under continuous 
20 high-speed, high slitting, dry cutting conditions (cutting condition C) comprising 
(compared with normal cutting speed and depth of cut of 1 OO m/min, 1 *5 mm ): 
workpiece: a round bar of ITS- TB340M; 
cutting speed : 1 SO m/min; 
depth of cut: 6.4 mm; 
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feed,: 0.11 mm/rev; and 
cutting time: 15 minutes. 

In each of" the cutting tests, widths of flank wear were measured. The results of 
the measurements are listed in Tables 28 and 29* 



Table 26 



Type 


Composition C% by weight) 


Co 


TiC 


ZrC 


VC 


TbG 


Nbc 


Cr^Oa 


TiN 


TaN 


WC 


1 1 1 

i 
I 


A-1 


io. s 


8 






9 


1.5 








balanca 


A^2 


7 


















balance 


A-3 


5. 7 








1.5 


0. 5 








balance 


A-4 


5.7 












1 






balance 


A-B 


3. 5 




O. 5 








0.5 






ba 1 a nee 


A-6 


ft 








2.5 


1 








balance 


A-7 


9 


ft. 5 






B 


3 








bal anoe 


A-8 


11 


8 






4.5 






1.5 




ba 1 anc« 


A-9 


12. S 














1 


2 


ba 1 ance 


A~10 


14 






0.2 






0. B 






balance 



Table 27 



Type 


Compos it. ion <% by *elght) 


Co 


Ni 


ZrC 


TaC 


NbC 


Uo z C 


WC 


TiCN 


g 


B-1 


13 


5 




10 




IO 


16 


be I ance 


B-2 


e 


7 




5 




7. 5 




ba 1 ance 


B-3 


5 










6 


IO 


balance 


B 4 


10 


5 




11 








ba 1 ance 


B-5 


9 


4 


1 






10 


10 


balance 


B-6 


12 


5.5 




10 




9.5 


14. 5 


ba 1 ance 
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Table 28 





No. 


Lowi 


zt l&ycr r(AJ/Ti>N layer] 


Amorphous carbon based lubricant coating 




Cut 
cond. 


Cut 
cond. 

C 


maximum A] 
content 


maximum Ti 
content 


Set 


Set 


Set 
compos rt ion 
(atomic 9-6) 


Set 
(pan) 


Grain 
diameter 

of 
Ti(C.r<I) 
bas«d 
crystal 
(ran) 


Cut 
cond. 

A 


Set 

composition 
(atomic 


Set 
composition 
(atomic %) 


interval 
between 

two 
portion 


Al 


Ti 




Ti 
— 


Al 


— — — 


(um) 


w 
— — - 


Ti 
—■ — 


N 


C+ 
impuri ties 




1 


A-1 




g Q5 


■ 




- Qs 




O. oi 


6.0 








ba 1 anoe 


7.0 


36. 4 


0. 13 


0. 13 


0. 23 


2 


A-2 


0. 90 


o. io 


i . oo 


0. 85 


0. 15 


1 . oo 


O. 06 


5.0 




Hr~o" 




ba 1 ancfl 


9.0 


22.7 


0. 17 


0. 18 


0.26 


3 


A-3 


0- 65 


0. 1 5 


1 . oo 


0. 70 


0. 30 


1 . OO 


O. 03 


7. 0 








— balance — 


8.0 


21. 9 


0. 16 


0. 17 


O. 24 


4 


A-4 


0, So 


0. 20 


1 . 00 


0. 90 


O. 10 


1 . 00 


0. IO 


9. 0 


20. Oi 


5. 0 


2. 5 


ba 1 anco 


6.0 


8. 1 


O. 11 


O r 12 


O. 21 


5 


A-S 


0- 75 


0. 25 


1 . 00 


0. 75 


0. 25 


1 - oo 


O. 07 


6.0 








— ba 1 ance _ 


8.0 


7. 4 


0. 16 


0. 16 


0. 25 


6 


A-6 


0. 60 


0. 30 


1 . 00 


0. 80 


0. 20 


1 . 00 


0. 02 


7. O 






10 6 




7.0 


6. 8 


0. 14 


0. 14 


0. 23 


7 


A-7 


?r~is 




]' °? 


FT" 8 - 5 - 






O. 04 


6. O 








— a ance — 


7.0 


34. 2 


O. 15 


0, IS 


O. 24 


8 


A-a 






• zz 








O. OS 


8.0 


20 O 


5 0 


O 5 


— a ance — 


6.0 


20.3 


0. 12 


0. 13 


0. 22 


9 


A-9 








rT"5n 






0. 05 


5. O 








ba 1 anca 


lO.O 


17. 2 


0. 17 


0. 16 


O. 26 


10 


A-IO 






1 . 00 


0. 75 


0. 25 


1 . oo 


O. OS 


IO. O 


ISO 


15 O 


1 5 


ba 1 ance 


5.0 


8. 5 


0. 1 


0. 11 


0.2 


11 


A-1 


0, 60 


0. 30 


1 00 


0 60 


0 20 


1 . oo 


0.O2 


6. O 


5. 0 


20. 0 


18. 0 




9.0 


29. 6 


0. 2 


0. 11 


0. 11 


12 


A-3 


0. 70 


0. 30 


1. 00 


0. 75 


0. 25 


1. oo 


0.O8 


9.0 


IO. O 


30.0 


25. O 


ba 1 anca 


6. 0 


14. 8 


0. 18 


0. 13 


0. 09 


13 


A-5 


0. 75 


0. 25 


1. 00 


0. 75 


0. 25 


1. oo 


0.07 


5. O 


20. O 


20.0 


16. 5 


balanca 


4.0 


12. 3 


0. 17 


O. 16 


O. 09 


14 


A-7 


0. 65 


0. 15 


I.OO 


0. TO 


0. 3D 


1. oo 


a. 03 


8.0 


IO. O 


O. 5 


10. O 


balance 


5.0 


7.8 


0.33 


O. 03 


0.05 


15 


A-9 


0. 95 


0. 05 


1. 00 


0. 95 


0.05 


I.OO 


O. OI 


CO 


40.0 


4.0 


30. O 


bal anoe 


10. O 


5.2 


0.06 


0. 21 


O. 23 


16 


B-1 


0_90 


b_-io 


1 . oo 


0. 95 


0. 05 


1. oo 


0.O4 


7. O 


5.0 


5.0 


2. 5 


balanca 


8.0 


9, 9 


O. T6 


O. 16 


O. 24 


17 


6-2 


0. 85 


O. IE 


I.OO 


0. GE 


O. 36 


1. oo 


O- IO 


5.0 


lO.O 


10.0 


5. O 


balance 


10. O 


13.4 


0. 18 


0. 17 


O. 28 


16 


B-3 


o. eo 


0. 20 


I.OO 


0. 80 


0. 20 


I.OO 


0. 01 


8.0 


15. O 


15. O 


7. 5 


ba 1 anoe 


7.0 


27.2 


0. 13 


0. 13 


0.23 


19 


B-4 


0. 75 


0. 25 


I.OO 


0. 90 


0. IO 


I.OO 


O. 06 


10. 0 


20. O 


20. 0 


lO.O 


balance 


5.0 


7, G 


O. 1 1 


O. 12 


O. 21 


20 


B-5 


0. 70 


O. 30 


I.OO 


0.75 


0.25 


I.OO 


O. 02 


6.0 


lO.O 


15. 0 


13. S 


balance 


9.0 


35 3 


0. 17 


0. 16 


O 25 


21 


B 6 


0. 6E 


0. 35 


1.00 


0.65 


O. 15 


I.OO 


O. 06 


9.0 


15.0 


10. 0 


1.0 


ba 1 anca 


8.0 


20. 5 


O. 12 


0. 11 


O. 22 


22 


B-1 


O. 95 


O. 05 


I.OO 


0. 95 


0.05 


I.OO 


O. OI 


7.0 


5.0 


20. 0 


18.0 


ba 1 anca 


9.0 


t5.8 


O. 12 


0. 1 


O. 13 


23 


B-3 


O. 60 


O. 30 


1.00 


0. 60 


0.20 


I.OO 


O. 02 


5.0 


10. O 


30. O 


25.0 


ba 1 ance 


6.0 


8.3 


0. 11 


0.O7 


0.07 


24 


B-4 


0. 60 


0. 20 


I.OO 


O. SO 


0.20 


I.OO 


0.01 


6.0 


20.0 


20. O 


16. 5 


ba 1 anca 


4.0 


22. 6 


O. 16 


O. 13 


0. 11 


25 


B-5 


0. 70 


0. 30 


I.OO 


O. 75 


0.25 


1. oo 


O. 02 


IO, D 


lO.O 


O. 5 


10.0 


balance 


5.0 


28. 3 


O. 19 


O. 04 


0.O5 


26 


B-6 


0. 65 


0.35 


1. OO 


0.65 


0.35 


1. oo 


0. 04 


6. 0 


4O.0 


4.0 


30. 0 


ba 1 ance 


10.0 


5.2 


0. 1 


O. 2 


O. 21 



No. : hard matal substrata number. Sat thick: Sat thickness. Cut oond. : cutting condition 
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Table 29 



Type 




Lower layer [<Al/TON layer] 


Amorphous carbon based lubricant coating 


Cut 
A 


Cut 
B 


Cut 

cond. 
C 




maxinun Al 
content 


maximum Ti 
content 


Set 
i nterva I 
between 

two 
port i on 
m) 


Se 
thick 


Set composition 
(atomic %) 


Set 
thiok 
( tt m) 


Grain 
d I ameter 
of 

CT. Al) CCN) 
based 
orysta 1 
(ran) 


No. 


Set 
oarpos i t i on 
Catomio %> 


Set 
compos i t Ion 
(atomic %) 


Ai 


T [ 


N 


j j 


A I 


N 


W 


TI 


Al 


N 


inpur i t i es 


If 

i 
I 

I 




A— 1 


0. 95 


0. 05 


1 „ OO 


O, 95 


O o5 


1. OO 


0. 01 


9. O 


5. 0 


10. o 


1 5. 0 


23. 5 


ba 1 a nee 


7. O 


33. 4 


O. 1 


O. 11 


0.22 


2B 


A*^2 


O 90 


0 10 


1 OO 


Q Qg 


0. 15 


1 . 00 


O. Ofi 


E, O 


IO. 0 


6- O 


1 2. 0 


12. O 


bal a rvc© 


9. O 


25, 3 


O. 14 


O. 15 


O. 25 


29 


A— 3 


0. 85 


0. 15 


1 _ QQ 


O, 70 


O. 30 


1 oo 


O 03 


7. O 


15. 0 


4. 0 


6, O 


3. O 


ba 1 antie 


0- O 


22. 1 


0. 13 


0. 14 


O. 23 




A— 4 


0 60 


0 20 


1 OO 


0. 90 


0. 10 


1 . OO 


O. IO 


9. O 


20- 0 


IO. O 


15. O 


2. 5 


ba 1 a nee 


9. 0 


T2_ 5 


0. 09 


O. 1 


0. 2 


31 


A— 5 




q 25 


1 . OO 


0. 75 


O 25 


1 . OO 


O. 07 


9. O 


6, O 


IO. O 


10.0 


18. O 


ba 1 snCd 


8. O 


8. 6 


0. 13 


O. 14 


0_ 24 


32 


A~ 9 


0. SO 


0. 30 


1 . OO 


0. 80 


O. 20 


1 . 00 


0. 02 


7. O 


10. 0 


7. 5 


7. 5 


13. B 


ba 1 a nee 


7. O 


5. 9 


0. 11 


O. 12 


O. 22 


33 


A— 7 


O. 65 


0. 35 


1. OO 


0. 65 


O. 35 


1. DO 


O. 04 


6. O 


15.0 


5.0 


5. O 


3. O 


balance 


7.0 


29. 3 


0. 12 


0. 13 


0. 23 


34 


A~ 9 


9. 90 


o. io 


1. OO 


O. SO 


O- 10 


1. 00 


O. 09 


8. O 


20.0 


2.5 


2.5 


O. 5 


balance 


e. o 


26. 4 


0. t 


O. 11 


0, 21 


35 


A— 9 


no 


0. 20 


1. OO 


0. 90 


O. 20 


1.00 


O. 05 


6. O 


5.0 


2.5 


1.6 


0.4 


balance 


io. o 


16.9 


0- 14 


0. 15 


0. 25 


36 


A— 10 


O. 70 


O. 30 


1. oo 


O. 75 


0,25 


1 . 00 


o oa 


10. 0 


lO.O 


6.0 


4.0 


6.0 


balance 


5. O 


14. 3 


O. 08 


O. 09 


0. 19 


37 


B-l 


0 90 


0. 10 


1.00 


0. 95 


0.05 


1.00 


0. 04 


7.0 


15.0 


10.0 


6.7 


5.0 


balance 


8. O 


9. 6 


0. 13 


0. 15 


0. 23 


36 


B-Z 


0. 95 


0. 15 


1. OO 


O. 65 


0.35 


1. 00 


0. 10 


5.0 


20.0 


2.5 


1.6 


3. 7 


balance 


IO. O 


11.8 


0. 14 


O. 14 


O. 25 


39 


B-3 


0. 90 


0. 20 


T. OO 


0. 90 


O. 2Q 


1. OO 


O. 91 


9.0 


5.0 


10.0 


10. 0 


10. O 


balance 


7. O 


20. 6 


0. 1 


O. 11 


O. 22 


40 


B-4 


0. 7B 


O. 25 


1.00 


0. 90 


O. 10 


1. 00 


O. 06 


10. o 


IO. O 


7.B 


7.5 


7. 5 


balance 


5. O 


6. 4 


O.Q9 


O. 1 


O. 2 


41 


B-5 


O. 70 


0. 30 


1. OO 


0. 75 


O. 25 


1, OO 


0.O2 


8.0 


15.0 


5.0 


5.0 


5.0 


balance 


9.0 


39.9 


0. 14 


0. 15 


0. 24 


42 


B— Q 


0. 65 


0. 35 


1.00 


O. B5 


0. 15 


1.00 


0. 08 


9 ° 


2O.0 


7. 5 


7.5 


7. 5 


ba 1 once 


6.Q 


19. 6 


O. 1 


0 . 09 


0. 21 



No. : hard metal substrate 



Set thick: Set thioHness, Cut cond. : cutting condition 
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Table 30 



Type 


Hard metal 
substrate 
number 


Surface coating layer 


Lower I ayer 
C (T i, Al) N layer] 


Upper layer 
(amorphous carbon based lubricant layer) 


Set compos i t i on 
(atonic %> 


Set 


Set compos i t r on 
(atom io %y 


Set 


T i 


Al 




thickness 

t mm rr\ 


If 


• f 




c+ 

i uiDur 1 1 1 e 


th i oknsss 


m 

§= 


i 


A-1 


0, 50 


0- 50 


1 . oo 


fl" ' 


s 






ba 1 anco 





2 


A-Z 


0. 55 


0.45 


1. oo 


5 


io 






bal anr.fl 


" "g~ - " 


3 


A-3 


0. GO 


O. 40 


1. oo 


7 


15 






ba 1 ance 


8 


4 


A-4 


0.40 


0. SO 


1. oo 


9 


20 






ba I ance 


6 


5 


AS 


O. 46 


0. 55 


1. 00 


6 


5 






1 anoa 


B 


6 


A-6 


0. GO 


0. 40 


1. oo 


7 


10 






ba 1 ance 


7 


7 


A-7 


0. 50 


0. 50 


1. oo 


0 


16 






ba 1 ance 


7 


a 


A-8 


0. 56 


0.45 


1 oo 


a 


20 






balance 


6 


9 


A-0 


0. 40 


O. 60 


1. oo 


5 


IO 






ba 1 ance 


IO 


lO 


A-IO 


0. 45 


0. 55 


1. 00 


10 


15 






balance 


5 


11 


B-1 


0. GO 


0. 40 


1. oo 


7 


5 






balance 


8 


12 


B-2 


O. BO 


O SO 


1- 00 


5 


10 






ba t ance 


10 


13 


B-3 


0. 45 


0. 55 


1. oo 


S 


IS 






bal ance 


7 


14 


B- A 


O. 65 


0. 45 


1. 00 


io 


20 






ba 1 a no© 


5 


15 


B 5 


O. 50 


0. 50 


1. 00 


6 


IO 






balance 


9 


16 


B-6 


O. 60 


O. 40 


1. oo 


9 


15 






ba 1 anoa 


6 
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Example 8 

A.S constituent powders, medium to coarse grained WC powder having an 
average grain diameter of 4.6 ^m, fine grained WC powder of* average grain diameter: 
5 0,8 pm, TaC powder of" average grain diameter: 1-3 urn., NbC powder of average grain 
diaraeterr 1 .2 ZrC powder of average grain diameter: 1 .2 jun, Cr 3 C 2 powder of 

average grain diameter: 2.3 um.. VC powder of average grain diameter: 1.5 urn, (Ti,W)C 
(TiC/WC=50/50 in weight ratio) powder of average grain diameter: 1 .0 fim ? and Co 
powder of average grain diameter: 1 .8 jxm were prepared. These constituent powders 

lO were mixed in accordance with the compounding ratios presented in Table 31, added to 

wax and blended for 24 hours in acetone by a ball mill. After vacuum drying the mixed 
powder, the mixed powder was press-molded at a pressure of 100 MPa into various 
compacts each of which having a predetermined form. The compacts were sintered 

by conditions including; in a vacuum condition of 6Pa , heating the compacts at a heating 

15 rate of 7°C/minutes to a predetermined temperature within a range of 1370 to 1470 0 C 5 
maintaining the compacts at the above-described temperature for 1 hour, and furnace 
cooling the compacts. Thus, three types of round bar sintered bodies for forming a hard 
metal substrate,, respectively having a. diameter of 8 mm;, 13 mm, or 26 mm were formed. 
By grinding the three types of sintered round bars, hard metal substrates (end mill) C-l to 

20 C-8 were produced to have a four edge square form with an angle of torsion of 30° s and 
diameter x length of the cutting edge of 6mm x 1 3mm, 10mm x 22mm, or 20mmx45mm. 

Next, these hard metal substrates (end mills) C-l to C-8 were subjected to 
ultrasonic cleaning in an acetone bath, After drying, the hard metal substrates were 
placed in an arc ion plating apparatus shown in FIGS. 4A and 413 . Under the same 

25 conditions as the above-described Example 7 P a (Al/Ti)N layer having a set thickness 
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shown in Tables 32 and 33 was formed on each hard metal substrate as a lower layer 
(hard layer) of a surface coating layer. Each lower layer had a variable composition 
structure in which portions of maximum Ti content and portions of maximum Al content 
appeared with set composition shown in Tables 32 and 33 alternately and repeatedly with 
5 a designated interval shown in Tables 32 and 33, and Al and Ti content changed 

continuously from the portion of maximum Ti content to the portion of maximum Al 
content, and from the portion of maximum Al content to the portion of maximum 11 
content* Next, the above-described hard metal substrates provided with lower layers 
Chard layers) were placed in the deposition apparatus shown in FIGS. 2A and 2B, or in 
lO FIGS. 3A and 3B, and amorphous carbon based lubricant layer having a set thickness 
shown in Tables 32 and 33 were deposited as upper layers. By the above-described 
process, end mills lto 19 made of surface-coated hard metal of the invention (hereafter 
referred to as coated end mills of the invention) were produced as coated hard metal tools 
of the invention. 

15 In addition, as a comparative example, the above- described hard metal 

substrates (end mills) C-l to C-8 were subjected to ultrasonic cleaning hi an acetone bath. 
After drying, the hard metal substrates were placed in a deposition apparatus shown in 
FIG 6- Under the same conditions as Example 7,on the surface of respective substrates, 
a (Ti ? Al)>T layer and an amorphous carbon based lubricant layer, having a set 

20 composition and thickness shown in Table 34 were deposited as a lower layer and an 
upper layer. By the above-described process, comparative end mills 1 to S, made of 
surface-coated hard metal (hereafter referred to as comparative coated end mill) were 
produced as conventional coated hard metal tools. 

iSText, in the above-described coated end mills 1 to 1 9 of the invention, and 

25 comparative coated end mills 1 to 8 were applied to tests of high-speed dry grooving. 
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The coated end mills 1 to 3, 9, 12 to 14 of the invention, and comparative coated 
end mills 1 to 3 were applied to tests of grooving of a Cu alloy under high- speedy high 
slitting, dry conditions comprising (compared with normal cutting; speed and groove 
depth of ISO m/min and 2 mm): 

workpiece: a plate of J IS- C3710 having a plate dimension of 100 mm X 250 mm 
and a thickness of 50 mm; 

cutting speed : lSOnVrnin; 

groove depth (depth of cut): 5 mm; 

table feed: 485 mm/minute. 

The coated 1 end mills 4 to 6, 10, 15 to 17 of the invention, and comparative 
coated end mills 4 to 6 were applied to tests of grooving of a Ti alloy under high-speed, 
high slitting, dry conditions comprising (compared with normal cutting speed and groove 
depth of ISO m/min and 4 mm): 

workpiece: a plate of JIS- TP340H having a plate dimension of 100 mm X 250 
mm and a thickness of 50 mm; 

cutting speed : 185 m/min; 

groove depth (depth of cut) : S.l mm; 

table feed: 455 mm/minute . 

The coated end mills 7* 8* 11* 18 and 1 9 of the invention, and comparative 
coated end mills 7 and 8 were applied to tests of grooving of an Al alloy under 
high-speed, high feed* dry conditions comprising (compared with normal cutting speed 
and groove depth of 1 SO m/min and 8 mm): 

workpiece: a plate of JIS- A5052 having a plate dimension of 1 OO mm X 250 mm 
and a thickness of 50 mm; 
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cutting speed : 205 m/min; 

groove depth (depth, of cut): 16 mm; 

table feed; S0O mm/minute. 

In each test of grooving, length, of cut by the end mill until a working lifetime of 
5 the end mill was measured. In each case of the grooving, the end mill was regarded to 
reach its lifetime when a width of flank wear of a peripheral edge of a cutting edge of the 
end mill reached O-l mm. The results of the measurements are listed in Tables 32 to 34. 



Table 31 



Typo 








Con 


npositi 


on « by 


weight) 




D 1 atwter >c \ ength 
of cutting edge 
(mm> 






Co 


CTi, WOO 


TaC 


NbC 


ZrC 


Cr3C2 


\ VC 


WC 




LXJ 




5 


5 












modi iHD-coarse grain: 
ba 1 arvoe 


6x 13 




C-2 


6 




1 


0.5 








floe grain: balance 


0x13 | 


si 

* m 

53 

3 


c-a 


e 




1 




1 


O. 5 


O.S 


'Tine grain: balance 


GX 13 


C-A 


8 










0.5 


O. 5 


fin* grain: bafahce 


10x22 


C-B 


9 


25 


10 


1 








medium— q oar grain 1 - 
ba r anc« 


10x22 


C-6 


10 










1 




fine grain: balance 


10x22 


G-7 


12 


17 


9 


1 








mediun-ooarse grain: 
ba 1 once 


20^45 


C-8 


16 




10 


5 


io 






mod i im-coaree gr a i n : 
balance 


20x45 



IO 
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Table 32 



Type 


No. 


Lower layer [(.Al/Ti)TM layerj 


Upper layer 

(amorphous carbon based lubricant coating) 




maximum Al 
content 


maxunum Ti 
content 


Set 


Set 

(pm) 


Set composition 
(atomic Y*y 


(pm> 


Grain 
diameter 

of 
Ti<CpN> 
based 

| (nm) 


C xi x ci n £ 
length 

(m) 


! Set 
composition 
(atomic 


Set 
composition 
<atomic %) 


between 

two 
portion 


AJ 


Ti 


N 


Ti 


Al 


N 


<um) 


W 


Ti 


tf 


impurities 




H 

=J 
EH 

mm 

I 
a 

§ 


1 


C-1 


0. 85 


O. 15 


1. OO 


0. 80 


0. 30 


1.00 


0. 09 


1.5 


20.0 


20.0 


10. 0 


ba lance 


1 


25. 4 


117 


2 


C-2 


0. 70 


0. 30 


1 oo 


0. 90 


0. 10 


1 OO 


O. OS 


3.0 


10. 0 


15.0 


13.5 


ba 1 ance 


3 


23. 6 


143 


3 


C-3 


0. 95 


0.05 


1. OO 


0. 70 


0. 30 


1.00 


0. 02 


2.0 


5.0 


5. O 


I.O 


ba 1 ance 


2 


16. a 


129 


4 


C-4 


0. 65 


0. 35 


1 OO 


0. 95 


0. 05 


1. OO 


O.OI 


4.0 


5 o 


5 O 


0.5 


ba 1 anos 


4 


32.5 


68 


5 


C-S 


0. do 


0. 10 


1. OO 


O. 65 


0. 15 


1 OO 


O. 05 


2.0 


io. O 


IO. o 


5. O 


ba 1 ano4 


2 


24. 1 


53 


6 


C— 6 


o. fio 


O. 20 


1 . OO 


O. 65 


O. 35 


1. OO 


O. Ol 


3. 0 


20. O 


20. O 


18. 0 


ba 1 anca 


3 


39. 1 


64 


7 


C-7 


0. 75 


O. 25 


1. OO 


0. 70 


0. 30 


1.00 


0. 03 


5.0 


15. O 


15. O 


lO.O 


balance 


4 


24. 6 


148 


a 


C^B 


0, 90 


0. 10 


1. oo 


0. 90 


0. 10 


1. OO 


O. 07 


5.0 


10.0 


10.0 


2.5 


ba 1 ance 


2 


16.5 


140 


9 


C-1 


O. 95 


0.05 


1.00 


0. 70 


0.30 


KOO 


0.02 


2.0 


10.0 


0.5 


10. 0 


ba 1 ance 


5 


7.9 


144 


ip 


C-4 


o. eo 


0. 10 


1. OO 


0. 85 


0. 15 


1.00 


0.05 1 


2.0 


40. 0 


4.0 


30. 0 


balance 


4 


13.6 


65 




C-7 


O. 75 


O. 25 


1 OO 


O. 70 


O. 30 


1 OO 


O.03 | 50 


30.0 


30.0 


25 . O 


ba 1 anca 


6 


38. 6 


ios 



No. : hard metal substrate rumber. 



Sat thick: Set thickness 
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Table 33 



Type 




Lower layer [(A/Ti)N layer] 


Upper layer (amorphous carbon based lubricant layer ) 




maximum Al 
content 


maximum Ti 
content 


Set 
interval 


Set 
thick 
Cum) 


| Set composition 

(atomic %) 


Set 
thick 
Qim) 


Grain 
diameter 

OJf 

(Ti.AlXCN} 
based 
crystal 


Cutting 
length 
(m) 


Set 
composition 
(atomic %) 


Set 
composition 
(atomic %) 


between 
portion 














(urn) 










impurities 




5 

S 
i 


12 


C— 1 


O. 85 


0. 15 


1.00 


0. 80 


0.20 


1. OO 


0. 09 


1.6 


lO.O 


10. O 


6. 7 


1. 5 


faa l a nee 


1 


14.3 


128 


13 


C— 2 


0. 70 


0. 30 


1.00 


0. 90 


O r IO 


1,00 


O. 06 


3. 0 


20. 0 


10. 0 


10. 0 


18.0 


ba 1 sncs 


3 


10.5 


1 56 


14 




95 


0. 05 


1. oo 


O. 70 


O. 30 


I.OO 


O. 02 


2.0 


5. 0 


10. O 


15. 0 


22. 5 


ba lance 


2 


32. 6 




15 


C— 4 


O. 6B 


D. 35 


1 . oo 


O. 95 


0. 05 


1. OO 


0. 01 


4. O 


IO. O 


5.0 


8.0 


6.5 


ba I a nee 


4 


12_4 


76 


16 


C-5 


o. do 


a. to 


I.OO 


0. 85 


O. 15 


1. oo 


0. 05 


2. O 


20. O 


7. 5 


7.5 


4.5 


ba i snce 


2 


7. 6 


56 


17 


C-6 


o. eo 


0. 20 


1.00 


0.65 


O. 35 


1. OO 


0.01 


3.0 


5.0 


2.5 


1.6 


0.4 


balance 


3 


21. 6 


71 


1B 


0-7 


0. 75 


0. 25 


1. oo 


0. 70 


0.30 


1. oo 


O r 03 


5.0 


IO. 0 


4.5 


5. 5 


O. 7 


balance 


4 


11. 6 


158 


19 


c-a 


0, 90 


0. io 


1.00 


O. 90 


0. 10 


I.OO 


O. 07 


5.0 


15. O 


5.5 


4.5 


0.6 


ba 1 a nee 


2 


10. 7 


1G3 



No. ; hard metal substrate nuiber. Set thick: Set thiohness 
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Table 34 









Surface coat ins layer 








Hard metal 
substrate 
nmiter 


Lower 1 ay or 
CCTi.AI) N layer] 


Upper 1 ay er 
(amorphous carbon based lubrioant layer) 




Type 


Set composition 
(atomic %> 


Set 


Set compos i t i on 
(atcmio %> 


Set 


Groove 
1 ength 








Ti 


Al 


N 


thickness 
(. fj. m) 


ft 


Ti 


N 


C+ 

impur i t i e 

Et 


th 1 cknese 
( U m) 








C-1 


0. 45 


O. 55 


1 . OO 


1.5 


20 






ba 1 anoe 


1 


36m * 


=1 




C-2 


O. 55 


0. 45 


1 » OO 


3 


1 0 








3 


48m *= 


m 


3 


C-3 


O 40 


0. GO 


1 OO 


2 


s 






balance 


2 


41m * 


£ 


4 


0-4 


P. TO 


0.40 


1. OO 


4 


5 






ba 1 ance 


4 


22m * 


1 


5 


0-5 


0. 50 


0. 50 


1. OO 


2 


io 






balance 


2 


14m * 


iiymioo 


6 


C-G 


0. 40 


0.60 


1. OO 


3 


20 






ba 1 ance 


3 


f8m * 


7 


C-7 


O. 55 


O. 45 


1. OO 


5 


15 






ba 1 ance 


4 


SSm * 




2 


C-8 


O. 45 


O. 55 


1 OO 


5 


IO 






ba 1 ance 


2 


51m * 



(Symbols *in the table denotes a groove length until a time that a tool reaches 
an end of a working lifetime due to chipping in the surface coating} 

5 

Example 9 

Using the three types of round bar sintered body being produced in the 
above-described Example 8 and having a diameter of S mm (for forming hard metal 
10 substrates C-1 to C-3) a 13 mm (for forming hard metal substrates C-4 to C-6), or 26 mm 
(for forming hard metal substrates C-7 and C-8) s hard metal substrates (drills) I>-1 to E>-8 
were produced by grinding the round bars. Each of the hard metal substrates had a two 
teeth form with an angle of torsion of 30°* and a diameter ^length of a flute forming 
portion of 4 mm^!3 mm (hard metal substrates E>-1 to E>-3), 8 mmx 22 mm (hard metal 
15 substrates D-4 to E>-6), and 16 mm* 45 mm (hard metal substrates L>-7 and D-8). 

Next, after honing of cutting edges* the hard metal substrates (drills) E>-1 to D-8 
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wore subjected to ultrasonic cleaning in an acetone bath* After that, at a dried state, the 
hard metal substrates were placed in the arc-ion plating apparatus shown in FIGS, 4A and 
4B. Under the same conditions as the above-described Example 7, a (Al/TiJN layer 
having a set thickness shown in Tables 35 and 36 was formed on each hard metal 
5 substrate as a lower layer (hard layer) of a surface coating layer. Each lower layer had a 
variable composition structure in which portions of* maximum Ti content and portions of 
maximum AJ content appeared with set composition shown in Tables 35 and 36 
alternately and repeatedly with a designated interval shown in Tables 35 and 36, and AA 
and Ti content changed continuously from the portion of maximum Ti content to the 

1 0 portion of maximum Al content, and from the portion of maximum Al content to the 
portion of maximum Ti content. Next, the above-described hard metal substrates 
provided with lower layers (hard layers) were placed in the deposition apparatus shown 
in FIGS. 2A and 2B„ or in FIGS. 3A and 3B, and amorphous carbon based lubricant layer 
having a set thickness shown in Tables 35 and 36 were deposited as upper layers. By 

15 the above-described process, drills 1 to 19 made of surface-coated hard metal of the 

invention (hereafter referred to as coated drills of the invention) were produced as coated 
hard metal tools of the invention. 

In addition, as a comparative example, cutting edges of the hard metal substrates 
(drills) E>-1 to E>-8 were subjected to honing. The above-described hard metal 

20 substrates were subjected to ultrasonic cleaning in an acetone bath. After drying, the 
hard metal substrates were placed in a deposition apparatus shown in FIG 6. Under the 
same conditions as Example 7, a (Ti, A1)N layer and an amorphous carbon based 
lubricant layer, having compositions and thickness shown in Table 37 were deposited as a 
lower layer and an upper layer. By the above-described process, comparative drills 1 to 

25 8» made of surface -coated hard metal (hereafter referred to as comparative coated drills) 
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were produced as conventional coated hard metal tools. 

Next, the above-described coated drills 1 to 19 of the invention, and comparative 
coated drills 1 to S were applied to tests of high-speed wet drilling. 

The coated drills 1 to 3„ 9, 12 to 14 of the invention, and comparative coated 
5 drills 1 to 3 were applied to tests of high-speed,, high feed (compared with normal cutting 
speed and feed of SO m/rnin and 0.2 mm/rev ) wet drilling of an Al alloy under conditions 
comprising: 

workpiece: a plate of JIS" A5052 having a plate dimension of 1 00mm X 250 mm 
and a thickness of SO mm; 
1 0 drilling speed : 1 1 5 m/min; 

feed: 0-52 mm/rev; and 
depth of a hole: 6 mm. 

The coated drills 4to6„ 1 0, 1 5 to 17 of the invention* and comparative coated 
drills 4 to 6 were applied to tests of high-speed, high feed (compared with normal cutting 
15 speed and feed of 80 m/min and 0.25 mm/rev ) wet drilling of a Cu alloy under 
conditions comprising: 

workpiece: a plate of JIS- C3710 having a plate dimension of 100 mm X 250 mm 
and a thickness of 50 mm; 

drilling speed : HO m/min; 
20 feed: 0,57 mm/rev; and 

a depth of a hole; 12 mm. 

The coated drills 7, 8, 11, 18 and 1 9 of the invention, and comparative coated 
drills 7 and 8 were applied to tests of high-speed, high feed (compared with normal 
cutting speed and feed of 40 m/min and 0.2 mm/rev > wet drilling of a H alloy under 
25 conditions comprising: 
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workpiece: a plate of US- TP 3 4 OH having a plate dimension of lOOmm X 250 
mm and a thickness of SO mm; 

drilling speed. : 65 m/min; 

feed: 0.52 mm/rev; and 
5 depth of a Holer 20 mm. 

In each test of the high-speed high feed wet drilling (using a water-soluble 
cutting fluid), the numbers of holes drilled until the time when the width of flank wear of 
the cutting edge of the end of the drill reached 03 mm were counted. The results are 
listed in Table 35 to 37- 

lO 

Table 35 



Type 


Hard metal 
substrate 
number 


Lower layer tCAl/TnN layer] 


Amorphous carbon based lubricant coating 




max j nun Al 
content 


max i mm Ti 
content 




Set 
thick 
(7/ n\> 


Set composition 
(atomic %> 




firain 
d i amter 

o-f 
T i CC. N) 
baaed 
crystal 
CnwO 


Number 

! o-p 

drll 1 ine 
(ho lea) 


Set 
compos I t Ion 
(atomic K) 


Sat 
(imposition 
(atonic %) 


Sat 
inter va 1 
between 

two 


W 


Ti 


N 


fmcur Itiee 


s*t 
thick 


Al 


Ti 


U 


Ti 


Al 


u 


portion 
( txm) 


i 

• — 

to 

i 

i 




D-1 


O. 75 


0. 15 


1 . oo 


O. 75 


O. 15 


1. 00 


0. 10 


5. O 


5. 0 


5.0 


0. 5 


ba 1 ance 


5.0 


14. 9 


10305 


2 


D-2 


O. 90 


O. OS 


1 , oo 


0. 70 


0. 25 


too 


0.04 


4.0 


15. 0 


15. O 


7.5 


be 1 ance 


4. O 


9. 8 


9764 j 


3 


D-3 


0. 65 


0. 25 


1. OO 


0. 80 


O. 05 


1. 00 


O. Ol 


3.0 


20.0 


20. 0 


18.0 


ba 1 ance 


3.0 


30. 2 


8926 


4 


D 4 


0. 75 


O. 20 


I.OO 


0. 75 


O. 20 


1- oo 


0.03 


7.0 


5. 0 


20. O 


14. O 


balanoo 


4.0 


23.8 


5839 


5 


0-5 


O. SO 


Q. lO 


1. oo 


O. 65 


0. 25 


1.00 


0. 06 


6.0 


lO.O 


15.0 


4.5 


be 1 ance 


3. O 


14.2 


5423 


6 


D-6 


0. GO 


0. 05 


1 oo 


0. 75 


O. 10 


1. 00 


O. 09 


5.0 


15. 0 


IO. O 


0, 1 


ba 1 anoe 


3.0 


17.4 


5289 


7 


D-7 


o. eo 


0. 10 


1. oo 


O. 65 


O. 25 


1. 00 


0.02 


5.0 


10.0 


15.0 


10.5 


balance 


3.0 


17. 9 


3029 


* 


D-a 


O. 60 


O. 25 


1. oo 


O. 90 


O.05 


1. 00 


0. 07 


7.0 


20. 0 


5.0 


1.5 


balance 


5.0 


7_ 6 


3304 


9 


D-2 


0. 95 


0.05 


1.00 


0. 70 


O. 30 


1. oo 


0.02 


2.0 


10.0 


0. 5 


TO. 0 


ba 1 ance 


5 


8. t 


8877 


lO 


D-5 


O. DO 


O, 10 


1 oo 


0. 85 


O. 15 


1. 00 


0. 05 


2.0 


40. 0 


4.0 


30. O 


balance 


4 


14. 6 


5055 


11 


D-3 


0. 75 


D. 25 


1. oo 


O. 70 


O. SO 


1. oo 


0.03 


5. 0 


lO. 0 


30.0 


25.0 


ba 1 ance 


6 


31. 6 


3175 
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Table 36 



Typo 


Ho. 


Lowar layer C(AI/Ti)H layer] 


Amorphous carbon based lubricant coating 




Set 
compos i * i on 
(atomic %) 


Set 
compos i t i on 
(atom To %) 


Set 
i nterva I 
between 

two 
port: ion 
C//n») 


Set 
thick 
< fi. m) 


Set composition 
(atomic %) 


Set 
thick 
( Jim) 


flra in 
di a meter 
of 

en, AO <G. N) 
baaed 
crystal 
<nm> 


Number 

of 1 
dri 1 J ing 
(ho J es) 


Al 


TI 


N 


Tl 


Al 


N 


ff 


Ti 


Al 


N 


impurities 




12 


D-1 


0. 75 


0. 15 


1.00 


O. 75 


O. 15 


1. OO 


0. IO 


5.0 


5.0 


io. o 


15. O 


Z2. 5 


ba 1 ance 


S.O 


13. 9 


10C96 


13 


0-2 


O. SD 


0. 05 


1. oo 


O. 70 


0.25 


1.00 


0.04 


4.0 


lO.O 


10. o 


10.0 


14.0 


ba 1 ance 


4.0 


10. 5 


10045 




14 


D— 3 


0. 65 


0.25 


i . ob 


O.fiO 


0. 05 


1.00 


O.Ol 


3.0 


16.0 


10. o 


6.7 


6.3 


balance 


3.0 


7. 1 


9204 


15 


D-4 


D. 75 


0. 20 


1. oo 


O. 75 


O. 20 


1 . 00 


0.03 


7.0 


10.0 


5.0 


8.0 


3. 9 


ba 1 ance 


4. 0 


24. 9 


6073 




16 


D-5 


U BO 


o. io 


i.oo 


O. 65 


O. 25 


1.00 


0. 06 


6.0 


15.0 


7.5 


7.5 


9.0 


ba 1 ance 


3. O 


21. 9 


5632 




17 


t>-e 


o. ao 


0. 05 


1.00 


O. 75 


0. 10 


1. 00 


0.09 


5. 0 


20.0 


2.5 


1.6 


0. 4 


balance 


3-0 


16.3 


5496 




IS 


D-7 


o. so 


0. 10 


I.OO 


O. 65 


0. 25 


I.OO 


O. 02 


S.O 


15. O 


4.5 


5. 5 


4.0 


balance 


3.0 


10. 2 


3140 




19 


D-8 


O. GO 


0.25 


i. oo 


O. SO 


0. 05 


I.OO 


O. 07 


7.0 


10.0 


S.5 


4. 5 


7.0 


ba 1 ance 


5. 0 


32.4 


3429 



No. - herd metal substrate number. Sat thick: Set thickness. 
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Table 37 



Typo 


Hard metal 
substrate 


Surface coating; layer 


Number of 
dri M ing 


Lower 1 ayer 
[<Ti. Al) N layer} 


Upper 1 ayer 
(amorphous carbon based lubricant 
1 ayer) 


Set compos i t i on 
Cataniic %) 


Set 
th 1 cknass 


Set composition 
(atomic %> 


Set 
th i cfcness 


Tl 


Al 


N 




W 


Tl 


N 


i mpuri t i es 




id 
S 

1 

i 

i 

Si 

i 


i 


D-l 


O. 55 


0.45 


1.00 


5 


6 




- 


ba 1 a rice 


5 


4122 holes* 




D-2 


O. 45 


O. 55 


1 . OO 


4 


15 






bai anoe 


4 


4081 holes* 


3 


D-3 


O. 50 


0. SO 


1. OO 


3 


20 






balance 


3 


3659 hoi es* 


4 


D-~4 


O. 60 


O. 40 


1. OO 


7 


5 






ba 1 anoe 


4 


2336 holes* 


5 


D-5 


O. 50 


0.5O 


1. OO 


6 


io 






ba 1 anoe 


3 


2223 he lea* 


6 


n-6 


0.40 


o. SO 


1. OO 


5 


15 






ba 1 anoe 


3 


2115 holes* 


7 


D-7 


O. 55 


0.45 


1, OO 


5 


IO 






balance 


3 


1211 holes* 


8 




O. 45 


O, 56 


1, OO 


7 


20 






bal artce 


5 


1359 holes* 



CSymbols *in the table denotes a numbers of drilling until a time that respective tool 
reaches an end of" a working lifetime due to occurrence of chipping in the surface 
5 coating) 

A.S described above, coated hard metal inserts lto 42 of* the invention, coated 
hard metal end mills 1 to 1 9 of the invention;, and coated hard metal drills 1 to 1 9 of the 

10 invention as hard metal tools of the invention, and comparative hard metal inserts 1 to 16, 
comparative coated hard metal end mills 1 to 8* and comparative hard metal drills 1 to 8, 
as conventional coated hard metal tools were obtained. The (Ai/H)N layer and (T, A1)N 
layer as a lower layer of the surface coating layer of each of the above-described coated 
carbide tools were subjected to analysis of Al and H compositions along the direction of 

15 thickness by anAuger electron spectrometer and measurement of the thickness using a 

scanning electron microscope, As a result, it was confirmed that the (Al/Ti)N layers of 
the hard metal tools of the invention respectively had a variable composition structure in 
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which portions of the maximum Ti content and portions of the maximum Al content 
appeared alternately and repeatedly with an inters al 4 and the Al and Ti content changed 
continuously from the portion of the maximum TI content to the portion of the maximum 
Al content, and from the portion of maximum Al content to the portion of the maximum 
5 Ti content. The maximum Ti content, maximum Al content, and the interval of the 

variable composition structure were substantially similar to set composition and interval* 
In addition, the average thickness of the (Al/Ti) layer was also similar to the set layer 
thickness. The <T%, A1>KT layers of the conventional coated hard metal tools showed 
compositions and layer thickness substantially similar to those of the set compositions 
lO and thickness. On the other hand, the (Ti, Al> N layer showed a homogeneous 

composition throughout whole layer without showing compositional variation along the 
thickness. 

In addition, lubricant layers of amorphous carbon as upper layers of the coated 
hard metal tools were also subjected to analysis of composition using an Auger electron 

1 5 spectrometer and measurement of thickness using a scanning electron microscope. The 
composition and average thickness (average value measured from 5 points in a section) 
of each layer were substantially similar to the set composition and set thickness. In 
addition, under an observation of the texture of the upper layer using a transmission 
electron microscope, the coated hard metal tools of the invention showed a texture of the 

20 upper layer in which fine grains of crystalline Ti (C,N) based compounds were 

dispersively distributed in the matrix of a carbon based amorphous material, while the 
conventional coated hard metal tool showed a texture of the upper layer composed of a 
single phase of a carbon based amorphous material. 

As shown in the results listed in Tables 28 to 37, even in the case of high-speed 

25 heavy cutting of a non-ferrous material accompanied by the generation of a remarkably 
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high, temperature and high mechanical impact, in the coated hard metal tools of the 
invention, the CAl/Ti)7SJ layer as the lower layer of the surface coating showed excellent 
hi gh- te mp er atur e hardness, heat resistance,, and hi gh-temperature strength,, and the 
amoiphous carbon based lubricant layer had a texture in which fine-grained Ti(C 3 TSf) 
5 based compounds were dispersively distributed in the matrix of the carbon based 

amorphous material containing W and provided with excellent high temperature strength, 
thereby showing excellent wear resistance for a long period of time without causing 
chipping in the surface coating layer. On the other hand, in the conventional coated 
cutting tools respectively provided with a surface coating comprising a lower layer of (H, 

lO A1>3SI layer and an upper layer of a mono-phase layer of a carbon based amorphous 

material showed rapid progress of wear of the surface coating and generation of chipping, 
thereby obviously indicating a relatively short working lifetime during high-speed heavy 
cutting of non-ferrous materials. 

While preferred embodiments of the invention have been described and 

15 illustrated above, it should be understood that these are exemplary of the invention and 
are not to be considered as limiting. Additions, omissions, substitutions, and other 
modi ft c at ion s can be made without departing from the spirit or scope of the present 
invention. Accordingly, the invention is not to be considered as being limited by the 
foregoing description^ and is only limited by the scope of the appended claims. 

20 

INDUSTRIAL APPLICABILITY 
As described-above 7 the coated cutting tools of the invention show excellent 
wear resistance in the cutting of various workpieces under high-speed cutting conditions 
as well as under normal cutting conditions. Therefore, the coated cutting tools of the 
25 invention sufficiently satisfy demands for power-saving, energy-saving, and cost 
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reduction in cutting operations. 

In addition, the coated cutting tools of the invention show excellent wear 
resistance and excellent cutting performance for a long period of time under high-speed 
heavy cutting conditions accompanied by high heat generation and mechanical impact as 
well as under normal cutting conditions. Therefore;, the coated cutting tools of the 
invention sufficiently satisfy demands for high-performance and automation of cutting 
apparatuses, and power-saving, energy-saving, and cost reduction in cutting operations. 



